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This book has been carefully 
developed to help you understand 
the chemistry of the elements. 

In it you will find a systematic and 


How to use this book 





The main text follows the sequence of 
information in the book and summarizes 
the concepts presented on the two pages. 


Technical 
definitions. 











comprehensive coverage of the basic 
qualities of each element. Each two- 





page entry contains information at 
various levels of technical content and 
la 


useful technical terms, as shown in 


ge, along with definitions of 





the thumbnail diagram to the right 
There is a comprehensive glossary 
of technical terms at the back of the 
book, along with an extensive index, 
key fi 














ts, an explanation of the 







Substatements flesh 
‘out the ideas in the 
main text with 
more fact and 
specific explanation, 





Equations are 
written as symbols 
and sometimes 
given as “ball-and- 
stick” diagrams ~ 











periodic table, and a description of 


how to interpret chemical equations. 
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An element is a substance that cannot be broken 
down into a simpler substance by any known 


means. Each of t 
elements is there 
materials from w 


Universe is made. This book is about the 


element carbon. 


Carbon 


Carbon, the sixth most common element 
on Earth, is an essential part of nearly all 


living things. Ab 
known compour 
far more than an 


Carbon, in the form of diamond, is the 


hardest natural n 


is found in a wide variety of rocks, such as 
chalk and limestone. Compounds of carbon 
such as coal, natural gas and oil provide the 


world’s most im 
Carbon dioxic 





compounds in the air, playing a vital role in 
controlling the temperature of the atmosphere 


(it is what we ca 
dioxide is also fo 


Carbon is an essential element in many of the 
man-made, or sy 








he 92 naturally occurring 
fore one of the fundamental 
shich everything in the 


out 94% of the six million 
ids contain carbon, 


y other element. 


raterial on Earth. Carbon 


portant fuels. 


Je gas is one of the main 


la “greenhouse gas”). Carbon 


und dissolved in all water. 


nthetic, substances that we use in 





the modern wor! 


fabrics, many medicines and a wide variety of other 


chemicals. 


Not surprisingly, perhaps, among this huge 


variety of substar 


d, for example, plastics, all synthetic 


ices, most of which are good for 

















our way of living, there are some that cause concern. 
Carbon-containing compounds called CFCs have 












been responsible for destroying part of the world’s 
protective ozone layer. Other compounds, such 
as the pesticide DDT, may be life-threatening 
if human beings and animals are exposed to them. 
Historically, as scientists tried to classify the 
bewildering array of carbon-based compounds, 
they made an important distinction between 
those they called organic compounds 
and those called inorganic compounds, 
Limestone rock (calcium carbonate) and 
carbon gases (such as carbon dioxide and 
carbon monoxide) are part of the group 
called inorganic chemicals. Chemicals 
like those based on petroleum, which 
are formed from living tissue, are by 
far the most numerous and are called 
organic chemicals. 
Because carbon compounds so 
greatly outnumber those made of any 
other element, it would be impossible 
to include examples of the majority of the 
compounds and their properties. Rather, 
this book will describe the main categories 
of carbon compounds and a few of the most 
common compounds. 


<4 This is silicon carbide, a compound of silicon and carbon, SiC, whose 
crystals form black, glossy plates. It is an extremely hard mineral and 
known by the common name of carborundum. When ground down into 
a grit, carborundum makes an abrasive that is widely used in industry. 











What do carbon compounds 
have in common? 


Carbon is part of many compounds, all of which 
have certain common properties. For example: 

@ Few carbon based-compounds change quickly 
at ordinary temperatures, but they begin to react 
fiercely at high temperatures (as in burning). 

@ All carbon compounds that derive from living 





tissues — plants, tar, oil, natural gas, etc. — will 

burn (they are combustible) and can be used as a Actste ayfodelots hydrearten 

fuel. When they burn, the compound is oxidized molecule, It consists of/a central 
Bean 2 js carbon atom linked (bonded) to 

and carbon dioxide is produced. The remaining four hydrogen atoms to form the 


molecule methane (CH,). 


material is nearly pure carbon (which can be seen 
in the charred nature of burned wood, for example). 





© Many carbon-based compounds are not 
attracted to water and so in general do not dissolve 
in water. As a result, water alone cannot be used 
to remove grease or oil from a surface, nor will 
water dissolve our skin, because all of these 
things are carbon compounds. 

@ Groups that contain carbon and 
nitrogen often have an unpleasant smell 
in liquid form. Some people compare it to 
rotting fish. Such smells are mainly confined 
to the factories where the materials are made. 

The common fabric material nylon, for example, 
which is a plastic that contains nitrogen, has no 
smell once it is made into a yarn. 

@ Some compounds of carbon and nitrogen 
are very unstable and can be made into explosives. 
Two of the more common explosives are 
TNT (trinitrotoluene) and nitroglycerine 
(glycerol trinitrate). 











What is so special about carbon? 
Carbon is very special because it can form so many 





of a substance in which a considerable amount 





of heat and u 





lly light 


t ure given out 
compounds. The explanation lies deep inside the Combustion is often referre 


as “burning.” 





atom. Carbon atoms can form strong links with 
s compound: a chemical consisting of two or 





four other atoms. This dramatically increases the fnorec lament cherie bouded e 
number of patterns that carbon atoms can make. Calcium atoms can combine with carbor 
atoms and oxygen atoms to make calcium 


Carbon can also link together in long chains or ; : 
. : srbonate, a compound of all three atoms 

rings, carbon to carbon to carbon to carbon and so 

on. Chemists call these links chemical bonds; very plastic (material): a carbon-based material 

consisting of long chains (polymers) of simple 


long chains, made by joining short ones, are called i fe 

e J e molecules. The word plastic is commonly 
polymers. And, quite unusually, these long chains restricted to synthetic polymers 

cannot be destroyed by water or air or be attacked “ 

? plastic (property): a material 1s plastic if it 

by bacteria. This explains why so many plastics do can be made to change shape easily. Plastic 





not disintegrate in the environment in the way that materials will remain in 
Compare with e 


¢ new shape 





other materials do. Only sunlight can destroy some jastic, a property whereby 


sack to its original shape 





material g 
polymers, causing the chains to break and the $ 


material to become brittle 


P Butane gas is a hydrocarbon 
and contains carbon and hydrogen 
bonded together. When set alight, 
it burns, producing heat 


4 Living organisms depend 
on carbon atoms for their 
existence. Tissues and bones 
or shells and wings are all 
carbon-based compounds. 









<4 This is a piece of anthracite, a form of hard coal with a very high carbon 
content. Anthracite was formed by the slow decomposition of plant tissue 
under high temperature and pressure, deep within the Earth. 
The Carboniferous Period is a part of geological time that began 
about 400 million years ago and lasted for some 60 millions years. In the 
19th century geologists working in Britain recognized that much of the 
coal they were mining was formed during the same part of the Earth’s 
history. Because coal is a carbon-based compound, they called the 
entire period the Carboniferous 
In fact, the Carboniferous Period contains carbon-based rocks 
of two kinds. During the early part, many thick beds of limestone 
were laid down. These Carboniferous limestones are made of 
calcium carbonate and so are carbon-based rocks. They also 
contain large amounts of oil and natural gas (petroleum), 
During the later part of the Carboniferous Period, the 
main coal-bearing rocks on Earth were formed, together 
with more oil and natural gas (petroleum). 
Geologists now know that coal and petroleum 
deposits have formed in a great many geological 
periods and are still forming today 




















Crystals of carbon 


Three minerals — graphite, diamond and the 
more recently discovered buckminsterfullerene 
(known as “buckyballs”) — are made solely 
of carbon atoms. Of these, graphite is the 
most common. It occurs in rocks, and 
it is also formed as small crystals when 
hydrocarbons burn in the absence of air 
(e.g., coke, charcoal). 

Diamond is far more rare than graphite. 
Diamonds were formed under immense 
temperatures and pressures, such as found in 


pipes leading to ancient volcanoes. The most 
famous diamond mine, at Kimberley, South 

Africa, follows an old volcanic pipe for more 
than two kilometers vertically into the Earth. 











A This is the structure of diamond, It is built 
of interlocking carbon atoms with no room 

for other atoms to form part of the structure. 
This is what makes the mineral so unreactive. 


Diamond: sparkling crystals 
of carbon 
Carbon atoms can link to form a 
very stable mineral. Diamonds have 
atoms so tightly bonded together 
that they are one of the hardest 
substances known, 
Pure diamond is colorless and 
transparent. It commonly forms a 
shape like two pyramids base to base 
(a tetrahedron). 
of this property when they cut rough 
diamonds to make jewelry. Each of 


ewelers make use 


the faces (called facets) is created by 
splitting the diamond parallel to the 
faces of its crystals. 





Diamond is not always colorless, 
and if it contains impurities, it may 
be a darker color. Some diamonds 
are almost black. 


4 This piece of Kimberlite rock shows the way 
that most diamond occurs, as a dull yellowish 
mineral set in a rock background. This diamond 
is translucent and highly flawed. Only occasionally 
does a transparent and flawless piece of mineral 
occur. The cut diamond placed on the rock 
shows the comparison. 











can develop external faces. Compare with crystalline, 
where the atoms were not free to form individual 
crystals, and amorphous, where the atoms are 
arranged irregularly. 


electrode: a conductor that forms one terminal 
ofa cell 


crystal: a substance that has grown freely so that it 
mineral: a solid substance made of just one element 

or chemical compound. Calcite is a mineral because it 
consists only of calcium carbonate; halite isa mineral | 
because it contains only sodium chloride; quartz is a | 


mineral because it consists of only silicon dioxide 



















AP This is the structure of graphite. It is made only of carbon minerals and is, 

like diamond, an unreactive substance. However, because the structure is in sheets, 
the bonds between the sheets are relatively weak, so that when pressure is applied, 
parts of the mineral flake off. This is what allows graphite to be used in pencils. 


(Rape HERS RSS 


V The sheen of this piece of graphite is 
produced by reflection from the sheetlike 


Graphite crystal surfaces 
Graphite is a black, soft form of carbon, harder than 

coal but far softer than diamond. Graphite naturally 

crumbles to release tiny flakes. This occurs 
because in graphite the carbon atoms are 
arranged in sheets that are poorly linked 
to each other. As a result, one sheet 
of crystals readily slides over 
another. It is this property 
that makes graphite useful 
as a lubricant (it is used 
to lubricate door locks, 





for example) and also 
as a pencil “lead” 
because it leaves a trail 
of black flakes as it is 
moved across paper. 

Graphite can also 
conduct electricity and 
heat. Graphite makes the 
central electrode in dry 
batteries in many pieces of 
electrical equipment, such as 
the brushes in electric motors 
where sparks occur, as well as 
in huge steel furnaces. 














The carbon cycle 


The carbon cycle is the name given 
to the way that carbon is transferred 
between plants, animals, the 
atmosphere, rocks and oceans. 

The carbon cycle is crucial to 
the way the planet works. It is a 
very complicated cycle, of which 
a simplified form is shown here. 

The main reservoirs of carbon 
are in the air (in the form of carbon 
dioxide) and in rocks (either as 
limestone and chalk or as oil, natural 
gas and coal). The main transfers 
occur through the growth and death 
of plants (involving the chemical 
processes of photosynthesis, respiration 
and oxidation) and through the way 
people burn fossil fuels (involving the 
process of oxidation). 


Respiration 
All animals produce carbon 
dioxide in their lungs. The lungs Oxygen 
breathe in air containing oxygen 
and expel air containing carbon 
dioxide. This is called respiration. 
Plants release carbon dioxide 
gas as they convert sugars for 
energy. This is also respiration 


EQUATION: Oxidation of glucose 


Glucose + oxygen = carbon dioxide + water 
C,H)20,(8) + 602(g) © 6CO (zg) + 6HO() 





Animals 

The proteins created by plants are used 
to make the tissues of animals, and they 
also provide sources of sugars, starches 
and fats. To release energy locked up 

as glucose, the sugars, starches and fats 
are combined with oxygen (they are 
oxidized). As sugars are oxidized, carbon 
dioxide and water are returned to the 
environment as part of the carbon cycle. 
As cells wear out or die, they are broken 
down into carbon dioxide, water and 
other simple compounds. 

For the most part, plant and animal 
tissues are broken down by decomposing 
organisms and the elements returned to 
the environment for reuse. However, in 
some cases, tissues are not immediately 
broken down and recycled, but get 
buried and are preserved. This produces 
a store of energy in the form of fossil 
fuels. In this case the carbon cycle is 
interrupted until the fuels are burned 
or until erosion exposes them at the 
surface, at which point they oxidize. 


V This diagram represents the way that 
sugars are oxidized during respiration 
to produce carbon dioxide gas. During 
photosynthesis this reaction is reversed. 


Hydrogen 





- Glucose 








Plants fossil fuels: hydrocarbon compounds that have been formed from 

J. buried plant and animal remains. High pressures and temperatures 
Only living plants can make lasting over millions of years are required. The fossil fuels are coal, 
compounds of carbon. They use the oil and natural gas. 
energy of sunlight in a process called $ molecule: a group of two or more atomy held together by 
photosynthesis. chemical bonds. 

In photosynthesis six molecules of Ss 
2 : oxidation: a reaction in which the oxidizing agent removes 

carbon dioxide from the air combine | Seenons: ts 


with six molecules of water, forming ‘ 

5 ‘. photosynthesis: the process by which plants use the energy of the 
one molecule of glucose (sugar) and Sun to make the compounds they need for life. In photosynthesis 
releasing six molecules of oxygen back six molecules of carbon dioxide from the air combine with six 
into the atmosphere. molecules of water, forming one molecule of glucose (sugar) and 

releasing six molecules of oxygen back into the atmosphere. 





Some sugar is combined with 
nitrogen compounds to form the 
. Plants make sugars by 
proteins that make up tissues. photosynthesizing carbon 


Sugar is also converted into larger, dioxide from the air. As sugars are 
oxidized by plants 
for energy, carbon 
dioxide is released 
back into the air, 
















more complex molecules called 
starches and fats. These are forms 
of energy that can be stored 

for later use. 


The main source 
of carbon dioxide 
is the air, 


As sugars are 
oxidized by animals 


— for energy, carbon 
dioxide is released 


back to the air, 


Plants release carbon 
dioxide when they 
are burned (a rapid 
form of decay). 


P The natural carbon cycle, Note that, 
in addition, over geologic time carbon 
is stored in rocks. It is released when 


fossil fuels are burned. Carbon-based 


chemicals are 
absorbed by animals 
as they consume 


EQUATION: Photosynthesis : 
Organisms in the soil break down dead plant matter 


Carbon dioxide + water» glucose + oxygen _ plant and animal tissue, and carbon 
6COs(g) + 6H:O() * CyH20,() + 6Ox2) dioxide gas is released as it decays. 


= be 


Oxygen Carbon dioxide Water 





= 
(a1) 








_Carbon dioxide in the environment 


| Carbon dioxide gas (like water vapor) 





strongly absorbs, or soaks up, the heat that is 
radiated by the Earth out into space. Without 
carbon dioxide and water vapor, the Earth 
would be a very cold, almost uninhabitable 
| place, some 25°C colder than it is today. 
| The amount of heat stored changes with 
the amount of carbon dioxide gas in the air. 
Over the last few centuries, people have 
ncreasingly burned more fuel, so much 


more carbon dioxide has been added to 
the air than was previously the case. 

The extra carbon dioxide has been able to 
bsorb even more of the earth’s heat, leading 


to a gradual warming of the air. This process, 





known as the Greenhouse Effect, has been APE ieee 





charted for more than a century. cells of their bodies. They extract 
‘ a ; carbon from carbon dioxide gas 
Some scientists are concerned about the using the energy in sunlight. 

buildup of carbon dioxide because they fear ree 

that “global warming” will cause all sorts of The Earth absorbs energy 


gh solar radiation. This 
g ; eel is mostly short wave radiation 
floods, as well as a possibly disastrous rise in The gases in the atmosphere 


are largely transparent to solar 


unpredictable changes, such as droughts and nee 





the sea level as the warm air causes the 


radiation. The incoming solar 
Antarctic ice sheet to melt: radiation does litte to warm the 
air, therefore, and mainly warms 


the land and oceans. 
D The passage of long 


wave radiation from the 
earth and back to space 

is slowed by the increasing 
“blanket” of carbon dioxide 
in the atmosphere as more 
of the gas is released by 
burning fossil fuels, 


The wavelength of radiation 
depends on the temperature of 
the radiating body, The Sun is 
very hot and so radiates in short 
wavelengths, However, the 
Earth is cool and radiates in 





longer (inf 
Water 





ed) wavelengths, 








apor and carbon 
s both absorb in the 





infrared wavelengths better than 





in short wavelengths, so they 
absorb some of the heat energy 
that would otherwise be lost to 
space. This is what makes the 
atmosphere warmer and causes 


the Greenhouse Effect 














Greenhouse Effect: an increase in the global 


as a result of heat relea 





d 





from burning fossil fuels being absorbed by 





4 


carbon dioxide in the atmosphere 





vapor: the gaseous form of a substance that 





is normally a liquid. For example, water vapor 


is the gaseous form of liquid water 


D> The decay of organic matter is important in 
releasing carbon to the cycle. Normally leaves decay 
within a few years, which is why there is rarely thick 
leaf litter on the ground. Only where the ground is 
permanently waterlogged, such as in still-water 
marshes and bogs, can organic material accumulate. 
When it does so, it locks up carbon. Major swamps 
have occurred in many periods of geological history. 
These eventually became buried, forming coal 
deposits, oil and natural gas reserves 


V Clear-cutting trees has a major effect on the 
natural carbon cycle because it removes part of a 
natural carbon-absorbing part of the environment 
(called a carbon “sink”), To maintain balance in the 
carbon cycle, trees have to be replanted in the same 
quantities that they are felled. This is happening in 
the temperate lands, but not in the tropics 

















Using carbon dioxide § 


Carbon dioxide is sometimes used in its solid 
form — as dry ice — to create the impression 
of fog. It is safe, clean and easy to control in 
theaters because of three important properties: 
carbon dioxide sublimes, is heavier than air 
and is noncombustible. 

Carbon dioxide gas is produced during the 
preparation of both food and drink, in some 
cases for effect (as in carbonated water), in other 
cases to “lighten” dough, cakes and pastries. 


Baking 


The lightness of many baked flour-based foods depends 





on the dough, pastry, etc., containing a large number 
of bubbles of carbon dioxide gas. This can be achieved 
by heating baking soda (sodium bicarbonate), causing 
it to decompose, releasing carbon dioxide gas. 

Baking powder is a mixture of baking soda (sodium 
bicarbonate), tartaric acid, and small amounts of starch. 
As soon as the acid and the baking soda are made 


wet they begin to rea 





t, releasing carbon dioxide. 
The amount and size of the bubbles depend 









on the rate at which the gas bubbles are 
created, larger bubbles being released 
by greater amounts of gas. 

Carbon dioxide gas is usually used 
to lighten the texture of (or | 





ven) 
doughs, sweet pastries and cakes. 


D This cake shows how carbon 
dioxide bubbles form from the 
reaction of baking powder. The 
bubbles become trapped by the 
stickiness of the dough, thus giving 
cakes their light texture. 





A Fizzy drinks contain carbonated water, 
that is, water in which carbon dioxide has 

been dissolved under pressure. In some cases 
the carbon dioxide is formed in the bottle or 


can by mixing an acid (such as phosphoric 
acid) and an alkali with the drink just before 
itis sealed in its container. These react to 
produce gas, although the gas remains 
dissolved while the container is closed. 

When the cap is loosened, the pressure is 
reduced and the carbon dioxide comes out 
of solution, producing bubbles; the fizz, 


Dry ice 

Frozen carbon dioxide is 
called dry ice and is used 
for portable refrigeration 
and to create swirling fog 
on theater stages or 
movie sets. 


EQUATION: Producing carbon dioxide by heating baking soda 
Sodium bicarbonate = sodium carbonate + carbon dioxide + water 


2NaHCO,(s) les Na,CO,(s) He 


COxg) 


+  H,0() 





(14) 





Because a gelatinous precipitate is mostly water, 
it is of a similar density to water and will float or 
lie suspended in the liquid 


Preparation of carbon dioxide gas 
Carbon dioxide gas can be produced in 


numerous ways in the laboratory. For noncombustible: a substance that will not burn. 


gelatinous: a term meaning made with water. 


example, if dilute hydrochloric acid is reagent: a starting material for a reaction 


added to calcium carbonate, it begins to fizz. eon " = 
; bin sublimation: the change of a substance from 
The reaction produces a solution of calcium solid to gas, or vica versa, without going through 


chloride and releases carbon dioxide gas. a liquid phase. 


EQUATION: Preparation of carbon dioxide gas 


Dilute hydrochloric acid + calcium carbonate © calcium chloride + carbon dioxide + water 
2HCK(aq) + CaCOx(s) 5 CaCh(aq) + CO,(g) + H,0() 


V Some antacid tablets contain calcium carbonate, Carbon dioxide as a fire extinguisher gas 


which acts on the dilute hydrochloric acid in the Because carbon dioxide gas is noncombustible, 
stomach. This demonstration shows that a reaction - 


occurs in the stomach, releasing carbon dioxide gas. itis ideal for use in extinguishing fires. 


This explains why some antacid tablets cause people Fire extinguishers may contain two reagents 
to “burp. (liquids that will react) to produce carbon dioxide 


quickly. The equation below shows the reaction 

of aluminum sulfate and sodium carbonate. These 
reagents were used as a source of carbon dioxide gas 
of foam for many years until they were 
replaced by pressurized carbon dioxide cylinders. 


and a sourc 





In use, the two reagents are kept apart inside 
the extinguisher. When in use, a knob on the 
extinguisher is struck, breaking the seal between 
the liquids and causing them to react. 

The reaction produces a gelatinous liquid and 
carbon dioxide gas. This gas cannot easily escape 
through this sticky liquid and instead forms bubbles 
inside it. The result is that a foam containing carbon 
dioxide immediately issues from the extinguisher 
nozzle. This has the effect of blanketing the fi 





with materials that will not burn. It also prevents 
oxygen from reaching the flames. 


Also... 


Many modern carbon dioxide extinguishers do 
not rely on a chemical reaction, but instead contain 


carbon dioxide gas under pressure in a strong cylinder 





EQUATION: Fire extinguishing 


Aluminum sulfate (alum) + sodium carbonate + water = aluminum hydroxide 
(gelatinous precipitate) + carbon dioxide (gas) + sodium sulfate (solution) 


Al,(SO,)3(aq) + 3Na,CO,(aq) + 3H,O() © 2AKOH),(s) + 3CO3(g) + 3NasSO,(aq) 





(15) 














Carbon monoxide 


Carbon monoxide is a reducing agent, that is, 
it takes oxygen from some materials it contacts. 
This is a useful reaction, and carbon monoxide 
is used widely in industry, especially in the 
refining of metals from their ores. For example, 
the chemical reactions inside a blast furnace 
involve the reduction of iron ore to iron metal. 
However, carbon monoxide is also produced 
when fuels are burned because the burning is not 
usually efficient enough to produce only carbon 
dioxide. Unless exhaust gases from burning fuels 
are allowed to disperse, this colorless, tasteless and 


odorless gas can build up and be fatal. 


¥ A diagram of the way carbon 
monoxide is produced during fuel ignition. 


The gas and air mixture is compressed by 
the piston and ignited by an electric spark from 
the spark plug. The reaction is explosive and 
forces the piston down, completing a stroke 






Valve allows 
The products of the 
gas vapor and 
reaction, including 
air into the 
enaglsg carbon monoxide, 
” are flushed from 
the cylinder and 
Cylinder into the exhaust. 
Piston 
Also... 
Catalytic converters used in motor-vehicle exhausts 


are designed in part to cause the conversion of carbon 
monoxide to carbon dioxide and water. They achieve this 
by using the oxygen from another exhaust gas, nitric oxide 
Single atoms of oxygen are very reactive and so readily 
combine with carbon monoxide to form carbon dioxide. 


(16) 


V A blast furnace in which iron oxide 
is reduced by carbon monoxide. 





Carbon monoxide acts as a reducing 
agent in the heart of the furnace. 


Inefficient combustion 

In a typical internal combustion engine, 
the fuel is a hydrocarbon in the form of a 
mist of tiny droplets. When mixed with air 
and ignited with a hot object such as the 
spark plug in a car engine, the hydrocarbon 
reacts violently to produce hot gas. 

If the engine were completely efficient, 
all the energy in the hydrocarbon would 
be turned into power to drive the cylinders. 
At the same time, the carbon would turn 
into harmless carbon dioxide. But no engine 
is very efficient, and the carbon does not 
burn up completely. As a result, carbon 
monoxide gas is also produced. 

Carbon monoxide can be fatal because, 
when breathed into the lungs, the red blood 
cells absorb it instead of oxygen. As a result, 
oxygen cannot get to the brain. For this 
reason good ventilation is needed whenever 
engines are working inside a building. 

Carbon monoxide in the atmosphere 
slowly changes to carbon dioxide as it 
combines with oxygen in the air. 











EQUATION: Iron oxide reduced by carbon monoxide H eatedyet asuistance Mat speeds 


up a chemical reaction but itself 


the reaction. 


Iron oxide + carbon monoxide = iron metal + carbon dioxide | remains unaltered at the end of 


Fe,03() +  3CO) S 2Fe(l +  3COg 
A oxidation/reduction: a reaction 


in which oxygen is gained/lost 





Carbon monoxide as a reducing 
agent 
This laboratory demonstration shows 
how carbon monoxide can act as a 
reducing agent, taking oxygen from a 
metal ore. It is an example of a refining 
technique widely used in industry 

The glass tube contains black copper 
oxide. Carbon monoxide gas is blown 
through the tube, and the surplus is 
ignited and burns with a blue flame 
from a small hole in the tube 

Notice how the copper changes to 
an orange color. The heat of the Bunsen 
burner is speeding up the reaction of 
the carbon monoxide with the copper 





oxide, producing carbon dioxide gas and 


leaving pure copper behind 


@A Carbon monoxide is passed over the black copper oxide powder 
(copper ore) in a test tube. The glowing surface shows where the reaction 
up oxygen can also be used in industry between copper oxide and carbon monoxide is occurring. As the carbon 


The way that carbon monoxide takes 


fo deGn® mera! A Blase farmace: ised'to monoxide exits the tube it is burned, producing a characteristic blue flame 


produce iron from iron ore, uses coke 
@V The reduced copper oxide | 


E ) produce the carbon monoxide 
and air to produce the carbon monoxide chaniges color'ax tre caygeli iayemoved 





and the heat needed to release the iron The material left is pure copper. 
from its ore ' 
oy 
- =] 


gm. 
r) a - a 





EQUATION: Reduction of copper 
Copper oxide + carbon monoxide ™ carbon dioxide + copper 


CuO(s) + CO(g) a CO.(g) + Cu(s) 





17) — 








Carbon in food 


Carbohydrate is the name for a wide range 
of natural compounds such as sugar and starch 
containing carbon, hydrogen and oxygen. 

The simplest carbohydrate is glucose. 

This in turn is used to make proteins that 
build plant tissues called cellulose. Soft forms 
of cellulose make up the fleshy parts of leaves, 
for example, while a harder, reinforced form 
of cellulose called lignin makes up the veins 
of leaves, twigs, bark, etc. 

Carbohydrates are a store of energy used 
both by plants and by animals when they eat 
plants. In this way the energy from the Sun 
is converted into energy for all living things. 

Because they are so rich in energy, 
carbohydrates form the main part 
of most people’s diets. 

Fossilized carbohydrates 
(fossil plant tissues) are also 
the source of the fuels 
burned as coal and oil. 


Oxidation of carbohydrates 

The body makes use of 

carbohydrates by the process 

of oxidation, It is the reverse 

of photosynthesis. Plants store 

the carbohydrate glucose as 

starch and sucrose. In animals, 

glucose is sent around the body in 

the bloodstream, and any excess is 
converted to fat and stored for later use. 


EQUATION: Oxidation of glucose 









@A Concentrated 
sulfuric acid is added 
to white sugar. 


@P Ic begins to froth 
and turn brown. This is 


an exothermic reaction, 
so a considerable 
amount of heat is given 
off in the water, 
producing steam. 


<4 Typical carbohydrate- 
containing foods include 
potatoes, pasta and rice. 


Glucose + oxygen «> water + carbon dioxide (+ a release of energy) 
CoH)0,(s) + 60,(g) © 6HLO() + 6CO,(g) (+ energy released) 


(18) 








Sulfuric acid dehydrates sugars 
If sulfuric acid is added to sugar (sucrose), 
the sugar dehydrates, that is, it loses its water 
and tums into black carbon 
The reaction produces considerable heat, so 
water is released as steam. The chemical equation 
shows that the sulfuric acid remains uncombined 
As the steam is given off, bubbles form, which 
causes the carbon to develop into a “volcano” of 


a substance which, on cooling, has the feel of coke 


= 
OVP As the glucose is dehydrated, 
it changes to black carbon. At this stage 
the glucose is a hot, syrupy liquid that 
i; 


does not readily allow the steam to escape, 
so some of it remains trapped as bubbles 











dehydration: the removal of w 
by heating it, pla 





from a substance 





it in a dry atmo: 





a dryin: 





most common of the natural su: 





glucose: tl 
It occurs as the polymer known as cellulose, 






e fiber in 


The breakdo 





plants. Starch is also a form of glucose 


cose provides the energy that animals need for life 





oxidation: a reaction in which the oxidizin 





removes electrons. (Note that oxidizing agents do not 


have to cor 





1 oxygen 





OV The expanding bubbles 

are trapped in the carbon as the 
reaction finishes and the carbon 
cools to a cokelike hard material. 


EQUATION: Dehydration of sucrose 
Sucrose + sulfuric acid * water + carbon + sulfuric acid 


Cy H,0; (3) + H,SO,(aq 








11H3O(g) + 12¢ 


+ H,SO,(aq 





Separating carbon compounds 


| Organic materials, those containing 









carbon, are mainly very chemically 
complex; however, this is not always 
noticable. For example, the red juice 
from, say, a beetroot may not at first 
sight seem complex at all. 

But just as there are ways of showing 
that the simple color of white light is in 
fact made of many colors of light combined, 
so it is possible to show that a “simple” juice 
is made of an extraordinary array of chemicals, 
each one containing different carbon compounds. 
On these pages you can see how this is done 
using the process of chromatography. 








@A The beetroot is first 
prepared by crushing it 
using a pestle and mortar. 
Also... 

The process demonstrated here 
is an example of chromatography 
the use of a compound that does 
hot react to separate out the 


0 The beetroot juice 


components of a complex mixtur H 
H F 2 is diluted with a liquid 


(in this case a vegetable dye) 

A substance like aluminum oxide, used in which it can dissolve 
in this way, is called a stationary phase (in this case acetone), 
Substances easily attach to its surface 

1 process called adsorption) and are also easily 
Washed off again, Bach substance “sticks” to the 
iluminum oxide to a different degree, so that the 
least firmly stuck can be washed off most easily, and 
so on, Asa result, the various compounds making 
up the original substance wash out of the base of the 
column one at a time and ean be collected separately 
Crushed beetroot 
leaves 



























Acetone 


O< A column of 
aluminum oxide is 
prepared by filling it 
with acetone. The 
aluminum oxide acts 
as a chemical filter, 
releasing the 
components of the 


juice one at a time 


Aluminum oxide 
Cotton wool 
support 


Rubber stopper 


| — with hole 




















mixture: a material that can be 
separated into two or more substances 





cetone: a petroleum-based solvent 


using physical means 


O44 The first component of the 
beetroot juice emerges from the base 


of the tube. It is a yellow substance 


OV These are the first two 
components collected from the 
tube. Notice that they are slightly 
different colors. The substance on 
the right is chlorophyll (the green 
p 
the left is called xanthophyll 





nent in plants), while that on 








Separated components of 
the beetroot drip from the 
the column into a test-tube 

















Charcoal 
Charcoal is wood that has been burned at about 
1000°C in the absence of air. It is almost pure 
carbon and consists of tiny crystals of graphite. 
Charcoal is able to burn at much higher 
temperatures than wood, and it is smokeless, 
so it makes a good fuel. 
Activated charcoal is a form of charcoal 
made by burning waste organic matter (twigs, 
wood bark, sawdust, etc.) in the absence of air. 
When it has been processed, it has an enormous 





surface area that is able to absorb molecules 





of gas. For this reason it is often used when gas 


molecules need to be absorbed as in gas masks. 


Carbon black 
When people are asked what color they associate with 
carbon, they usually say black. If people are asked to 
name a common form of carbon, they often say soot 
In fact black soot (called lampblack) from badly 
adjusted oil lamps, for example, is almost pure carbon 
Pure carbon, a deep black powder such as is used in 
photocopiers and laser printers, is obtained by heating 
anything containing carbon — coal and wood, 
for example — in a furnace 
where there is no air 
Asa result, coal changes to 
coke and wood to charcoal 
Powdered carbon 
contains spheres of the 
rare form of carbon called 
buckminsterfullerene 
Powdered carbon is used in 
rubber and plastics to slow 
down the rate at which 
these materials deteriorate 
in sunlight. Carbon powder 
is also used to make black 
ink and paint 








A Charcoal glows when it is heated with 

a gas jet from a Bunsen burner. Notice that 
the charcoal burns without any smoke; all 
of the graphite crystals are fused together 
in the charcoal and thus are not released 
as soot particles 


V Because it is made from wood, charcoal 

is an attractive fuel in the developing world 

where people need a fuel that provides a high 
temperature for cooking but where they cannot 
afford to use electricity, bottled gas or kerosene. 
Charcoal is also made into briquettes and used 
for barbecue fires in industrial countries. 











adsorb: to 





* gas molecules 


OA piece of activated charcoal has or other particles onto the surface of 
baer dropped inta's gas reontaning a substance. They are not chemically 
beornite’and the Cover elaserenbical combined and can be removed 


(The process is called “adsorption.”) 





OV Within a minute the halogen: one of a group of elements 


color ofthe gas acting including chlorine, bromine, iodine 
lighter as fewer free bromine and fluorine 
molecules remain in the jar. 


OV After a few minutes the gas jar is 

- colorless because all of the bromine 
molecules are now adsorbed onto the 
surface of the activated charcoal with 
none remaining as free gas. 


== 





Activated charcoal 
Activated charcoal has a very large 
reactive surface area (about 2000 sq m 
of surface area for every gram in 
weight of charcoal). It is able to soak 
up (adsorb) large numbers of gas 
molecules on this vast surface. 

This impressive property means 





that activated charcoal has been 
widely used as a gas filter, from gas masks for use in war or in 
fire-fighting, to removing unpleasant odors. It is also used in 
water-purification plants. 

This sequence of pictures shows a gas jar, with activated charcoal 
in the bottom that has been filled with bromine, a poisonous, brown 
halogen gas. The pictures were taken over a few minutes. Notice how 
the amount of free bromine in the gas jar (as seen by the color of the gas) 








decreases. In the gas jar on the right there is no free bromine left at all. 

Once all the sites on the activated charcoal have been used, the charcoal 
has to be thrown away. It cannot be reactivated. Although activated charcoal 
works well for many hydrocarbons, chlorine and similar gases, carbon will not 
absorb oxygen or nitrogen. Gas-suits with activated charcoal linings were used 
by the allied forces in the Gulf War because there was a threat of gas attack. 




















Hydrocarbons 
The word petroleum comes from the Latin 
words petra and oleum, meaning “rock” and “oil,” 
respectively. Petroleum is a “catchall” name for 
a range of hydrocarbon gases, liquids and some 
| solids that form in the rocks of the Earth’s crust. 
Petroleum is usually a complicated mixture of 
| liquids, solids and dissolved gases. The liquid form 
of petroleum is referred to as crude oil. The gases 
associated with petroleum are called natural gas. 
From these liquids and gases come the fuels that 
power the modern world and the raw materials 
for plastics, fertilizers, drugs and a wide range of 
other essential materials. 









sulfurous-smelling liquid. 





second well ever 
drilled in Texas. 





‘A Natural gas is predominantly made 
of the hydrocarbon methane, CH, 


¥ Crude oil is a brown, often 


This sample is from the 





“AVA 


A The laboratory apparatus shown in 
the diagram on the right looks like this. 


Also... 

The most common carbon-based 
compounds contain simply hydrogen and 
carbon derived from living tissue, These are 


called hydrocarbons and they are the basis 
of most fuels such as coal, oil and gas. 

Other groups of carbon-based compounds 
include alcohols such as ethanol, the 
substance found in all alcoholic beverages 
acetone, which can dissolve many plastics; 
and esters, which smell like fruit. 








Thermometer 






































crude oil: a chemical mixture 


Distilling hydrocarbons in the laboratory ENE See 


forms the raw material for an 
oil refinery 





Crude oil is a mixture of a variety of components, 


each with a different boiling point. The easiest A 
: i fraction: a group of similar 

way to separate the components is to heat the oil. 2 
) components of a mixture. In 


The principle of the process is shown in this the petroleum industry the light 





laboratory glassware setup. The flask of oil is fractions of crude oil are those 
heated, which, depending on the degree of with the sarallest holes, 


Resaneell f ; while the medium and heavy 
eating, will vaporize a range smpo' i 
seis OER A TALE QU SSDI RO TOS fractions have larger molecules. 


As the vapors rise through the glassware, the 





c owe = > petroleum tural m € 
lightest” fraction escapes from the top of the ; Eee 





4 es, liquids 
fractionating column and enters the condenser. saidizelidnud aren termes 
decomposed remains of plants 
and animals. 

¥ Distillation apparatus 

for the laboratory 


Condenser 


V The fractions not distilled return 
to the distillation flask, passing down 
the fractionating column. 


Water out 
_ Water in 


Fraction collects 
in receiver flask a 
Fractionating column 


Laboratory vs. industrial methods 
A laboratory apparatus can only distill 
chemicals in batches. Thus, for example, 


the equipment shown here is heated to 
Gases given off (which 


a certa smpe re at it will dist 
rock be cabecindl 1 certain temperature so that i ill 





just one of the fractions. The temperatur 
of the liquid is then adjusted and another 
fraction is obtained. By contrast, industry 
> Distilling flask has to produce its products continuously 
using equipment such as that shown on 


Liquid to be distilled 
such as crude oil 


the next page 

Chemical industries strive to keep 
precise control over temperatures so that 
Heat they can extract a wide range of products 


at the same ume 




















Processing crude oil 


Processing crude oil to obtain petrochemicals V This is a fractionating tower from a refinery 
: ’ - and is designed to distil a range of fractions. 
provides us with some of the most valuable ie eel kn ey oiling poines 
products in use today. This is carbon- condense at the top, whereas those with 
: : Poe ie higher boiling points distill lower down. 
chemistry in action. Processing is vital ‘At each level small bell caps allow vapors 
z ‘ to rise and at the same time trap condensate 
because petroleum is a complicated scithatit can be ideiaie Weve aa 


mixture of chemicals that cannot be used 








directly. The chemical sorting process is 
called refining. 
In general the most usable fractions are 


The lightest fractions 
remain as gases and 
are collected for 
use, perhaps as fuels 
or as the building 
blocks for plastics. 


light liquids, such as gasoline, and gases, 
such as butane. The least desirable are thick 
liquids. Thus a petrochemical plant has a 

as Mi } The liquid fraction 
second task: to break up, or “crack,” the can be dinero 
large molecules of the heavy thick liquid 
products to make more of those with 





higher demand. 

Cracking is possible because hydrocarbons 
can be converted into one another quite 
easily. Cracking also has another benefit: 
if a petrochemical plant did not perform 













The fractionation 
column produces 

a range of fractions 
such as aircraft fuel 
(kerosene), diesel 
oil and gasoline. 
Some of the heavier 
oils will be cracked 
ata later stage. 


this valuable piece of chemistry, then the 
amount of waste liquid to be disposed of 
would be colossal. 

Eventually the raw materials for a vast 
array of complicated products such as plastics, 
solvents, synthetic fibers, synthetic rubber as 
well as fuels and solvents can be produced. 


Heated crude oil 
enters some way ———__} 


from the bottom. 


<4 The tall, slim, towers 
are the fractionating 
towers of a petrochemical 
plant. The squat tower 

on the left is the cooling 
tower of a power station. 


The fractions with very high 
molecular weight settle out at 
the bottom. These are used 
as boiler fuel and asphalt. 











(26). 





cracking: bre 
complex molecules into simpler 


king down 





What a petrochemical plant does 

A refinery is a collection of tall towers, called distillation towers, 
connected by a maze of pipes. The crude oil 1s heated in the 
towers so that the lighter parts of the mixture boil off, or vaporize. 
The compounds can be separated because petroleum is a mixture. 
This means that the separate fractions can be obtained by making 
use of the various boiling points of the substances in the mixture. 


The gases then condense in the upper, cooler parts of the towers | fraction: a group of similar 


components, It is a term 
particularly used in oil refining, 


crude oi chemical mixture 
of petroleum liquids, Crude oil 
forms the raw material for an 


oil refinery. 








and form into liquids. By using a series of towers, the various components of a mixture. In 


p aes the petroleum industry the light 
chemicals can be separated. The aim is to produce such different el sonia Lae 
fractions of crude oil are those 


with the smallest molecules, 
while the medium and heavy 
fractions have larger molecules 


products as liquified petroleum gas (LPG), gasoline (vehicle fuel), 
kerosene (aircraft fuel), heating oil, diesel fuel and asphalt 
(for road surfaces). 

A simple process of boiling only separates about a tenth of 
the crude oil. The remainder has to be processed again, using a 
procedure called “cracking,” which involves splitting the large, 


petroleum: a natural mixture 





ses, liquids and 
solids derived from the 
decomposed remains of plants 
and animals 


of a range of 





heavy hydrocarbon molecules into smaller ones. A variety of 
methods is used, including heat and pressure, vacuum and chemicals 
such as hydrogen. In this way the products of the refinery can be 
tailored to market needs. So, for example, if the demand is for an 
increase in lubricating oils, then the cracking process is adjusted to 
produce these products; if the oil demand falls and the gasoline Wika 
demand rises, the type of cracking is changed to give the new representation of 
balance of products. the cracking process. 
















Cracking, the breaking up of 

the oil fraction into smaller 

components, takes place in Fic ceiabadnihire 
Waste gases are this fluid bed unit, at 500°C. panes wa 
cleaned and burned. fracdonating solur 
Catalyst is passed 
to the fluid bed unit 


| 








The spent and 
contaminated catalyst 
of alumina-silica gel is 
regenerated in this 
chamber, which is 
heated to 600°C. 






Spent catalyst 
passes to the 


A regenerator 
Air 


Oil fractions to be cracked come 
from fractionating tower and may 
be mixed with some crude oil. 


Products such as 
ethylene, propylene and 
heptane are separated 
from fractionating tower. 


Steam 

















Variety in organic compounds 


Carbon chemistry relies heavily on the use of hydrocarbon products 
obtained from petroleum. On these two pages you can see the 
structure of some common hydrocarbon substances. 


Alkanes (paraffins) 


Carbon atoms always form four chemical bonds, 
that is, they can each bond to four other atoms 
All hydrocarbons in which the carbon atoms are 





joined by a “single” bond have a name that ends 





in -ane, such as ethane, methane and butane. 





‘A Butane gas is used in cooking stoves. 
V This represents a molecule of ethane. Ethane, 
butane and pentane gases are obtained from the 


¥ This represents a molecule of butane. 
top of a fractionating column (see page 26). 


» 


Carbon 


Hydrogen 


Carbonyl compounds and alcohols 

Carbon atoms can use two bonds to join to an oxygen atom, 
as in the case of the solvent acetone, as well as bonding to 
oxygen by a single bond, as in the alcohol called ethanol. 


Oxygen 
<4 This represents a molecule of 


f formaldehyde. A solution of formaldehyde 
is known as formalin and is frequently used 
for preserving museum specimens. 


4 J 


A This represents a 
molecule of acetone. 


> This represents a = 
molecule of ethanol. 








Unsaturated hydrocarbons 

Carbon atoms may be joined together with a double bond 
as in ethylene or by a triple bond such as acetylene (whose 
modern name is ethyne). Acetylene can be used in cutting 
and welding flames; it requires an oxygen supply if it is to 

combust completely to form carbon dioxide and water. 


polymerization: a chemical reaction 
in Which large numbers of similar 
molecules arrange themselyes into large 
molecules, usually long chains. This 
process usually happens when there is 
a suitable catalyst present. For example, 
ethylene reacts to form polyethylene 

in the presence of certain catalysts 


) 
J 


A This represents a molecule of ethylene 


Solvents, fats and flavors (esters) 

Other groups of atoms found in organic compounds 

include the groups, for example, ethyl ethanoate 

(also known as ethy! 
Simple esters are flavoring essences and solvents. Those with 

a greater number of carbon and hydrogen atoms are cooki 

oils and fats. 


“ester” 





acetate), which makes nail-polish remover. 








A This represents a molecule of 
ethyl ethanoate, nail-polish remover. 








‘A Two oxygen atoms are also present in organic 
acids such as acetic acid (best known as vinegar). 





J A This represents a molecule of ethyne. 


‘A Nail polish can be removed using 


a solvent, nail-polish remover, made 
from ethyl acetate. 





Also... 
Hydrocarbons: the foundation of 
organic chemistry 


The major branch of chemistry that deals 
with hydrocarbons is often called organic 
chemistry. This is a historical name, from 
the mistaken belief that such compounds 
could only be made by living organisms. 

Today most of the compounds are made 
from petroleum in the laboratory or in a 


petrochemical plant 














e ° 
The properties of plastics © 
Plastics are a group of carbon-based materials that ° 
scientists often refer to as polymers. They vary greatly, 
but they have a number of properties in common. 
| *Most plastics are not very strong and could not, re] } 
for example, replace steel in uses such as the frames i v4 
| of buildings. & 7) 
*Most plastics are easy to bend. o.5 ’ 
*Many plastics will change shape if they are pulled. lo. . 
*Many plastics are not very hard and will scratch easily. a 
*Many plastics are not very dense, that is, they are quite 
lightweight materials. Some will float in water; most of the 
others are only just a little denser than water. 
*Many plastics are very brittle at low temperatures, that is, 





they will harden and crack easily in very cold conditions. 





*Many plastics soften easily when they get hot (and so 
cannot be used for things like oven-based cookware). 
However, there are exceptions, such as nonstick materials. 

¢Plastics expand about ten times as much as metals as they | 
get hotter. 


*Many plastics are destroyed by fire (they decompose), 






even though they do not actually burn. 
«Most plastics are very good electrical insulators 
and so can be used to insulate cables, for plugs and 
sockets, etc. 
*Plastics tend to become brittle with age. 
This is especially so with those exposed to 
direct sunlight (ultraviolet radiation). 





*Plastics are mostly very resistant to being 
| broken down by chemical attack, and they 
are not water-soluble, which is why they 
do not decompose when placed out in the 
open or buried. 








Bakelite 
Bakelite is a plastic that is based 
on the substances phenol and 
J formaldehyde. It is a thermosetting 
plastic, meaning that when heat is 
. applied, it hardens. Bakelite will not 
catch fire, and so was used instead 
of the inflammable celluloid 





<4 Bakelite appliance 
from the 1950s. 


The history of plastics 
The very first plastic, invented over a century ago, 
was called celluloid. It was a brittle white substance 
that was used as synthetic ivory. It was also used as 
the backing for rolls of photographic film. 

It took half a century before the next plastic 
was invented. It was called Bakelite, after its 
inventor Leo Baekland. But then new forms of 
plastic were invented at a faster and faster rate 

The most well-known plastics are nylon and 
polyester (both widely used for making 





urments), 
and polyethylene and polystyrene (used for making 
containers and packaging materials) 

Most recently there has been a trend to make 


custom plastics designed for a specific use 














> Celluloid 
table-tennis balls 





Nonstick polymers 
Nonstick surfaces on many pots and pans 
are made from polytetrafluoroethylene 
(Teflon), which is based on the two 
simple chemicals fluorine and inc 
ethylene. It was invented in 1938. 
It does not dissolve or burn. This 
is why it can be used on pans and water, so Water cannot be 
why fats, oils and other materials 
used in cooking have no effect 
on it 


4A modern nonstick frying 
pan with a Teflon surface 


consisti 





plastic (material): a carbon-based material 

of long chains (polymers) of simple 
BH molecules. The word plastic 1s commonly 
a 


restricted to synthetic polymers 


§ plastic (property): a material is plastic 

if it can be made to change shape easily 
Plastic materials will remain in the new shape 
‘Compare with elastic, a property whereby 





a material goes back to its original shape 


polymer: a compound that is made 
of long chains by combining molecules 





called monomers) as repeating units 


B (“Poly” means many, “mer” means part.) 


Celluloid: the first plastic 

Alexander Parkes made the first plastic in 1856. It was 
made from cellulose nitrate and camphor. Many nitrate 
compounds are used in explosives, and celluloid 
material was used in World War | as a smokeless 
explosive. Not surprisingly, one of the problems with 
celluloid in the home or office is that it catches fire 
very easily. As a result it is rarely used today. 

On the other hand, cellulose, which is also prone to 
catch fire, is still widely used as a solvent for inks and 
paints because it dries very quickly. Car body paints, 
for example, are formulated with cellulose. 





Also... Plastics solvents 


A solvent is a liquid chemical 


compound used for dissolving 





er compound without 
reacting with it. Most organi 
materials do not dissolve in 


used as a solvent 
Most solvents have a low 


soint and are volatile 





that is, they evaporate easily 


A solvent used in polymer 


based paints is cellulose 
nitrate; a solvent for nail 
polish (cellulose acetate 














Making poly 

| akin Olymers 

Polymers are made in two ways: by adding building blocks together in long 
chains to produce materials known as addition polymers, and by removing 
water molecules to produce materials known as condensation polymers. 
These two types of polymer are important, and they produce such a wide 
range of everyday materials. On the next few pages is information on 

| addition polymers; condensation polymers are described on page 36. 

The remainder of the book will look at some important polymers. 


Addition polymerization 
Some hydrocarbon molecules are very reactive and can be joined together, 
or polymerized. The reactive units are those in which carbon atoms are 
joined by a double bond. Ethylene, shown below, is an example. 

To polymerize these units, or monomers, the double bond is broken 
and one bond used to join the unit to its neighbors. This builds long 
chains and is known as “addition polymerization.” 


4 This represents a molecule of 
Carbon ethylene. Units like this that can be 
polymerized are known as monomers 






> This represents a unit of addition 
polymerization derived from ethylene. 
Hydrogen The ethylene molecules join together 
to form the polymer polyethylene. ) y 


D In the manufacture of 

polyethylene, ethylene gas, obtained 

from refining petroleum, is bubbled 

through a solvent to dissolve the gas 

In the presence of a catalyst, the 

monomer polymerizes to form long 

chains made up of 30,000 to 40,000 

molecules. These chains intertwine, 

so that the resultant molecules 

cannot easily move about, and 

thus the material is a solid 
Polyethylene is cheap to 

manufacture and is used to 

make plastic bags and buckets. 

The properties of this polymer 

can be altered by substituting 

some of ail of the hydrogens in 

the hydrocarbon chain with other 

elements or compounds. Some of 

these other polymers are shown on 

the opposite page. 














catalyst: a substance that speeds up a chemical reaction 


A great range of polymers 

Other monomers that produce addition polymers 
include tetrafluoroethylene, chloroethylene and 
styrene. These are shown below. 


but itself remains unaltered at the end of the reaction 


monomer: a building block of a larger chain molecule 
(*mono” means one, “mer™ means part) 


oxidize: the process of gaining oxygen. This can be part 
of a controlled chemical reaction, or it can be the result of 


Fluorine 





DP In the case of tetrafluoroethylene 
all the hydrogen atoms on the ) 
ethylene molecule have been 
substituted by fluorine. The polymer 
is polytetrafluoroethylene (PTFE or 
Teflon), a hard plastic which is not 


exposing a substance to the air, where oxidation (a form of 
corrosion) will occur slowly, perhaps over months or years 


polymer: a compound that is made of long chains by 
combining molecules (called monomers) as repeating units. 





attacked by most chemicals. Itis_( (“Poly” means many, “mer” means part.) 
ised on such jemsas nonstick pans, wv 

thermoplastic: a plastic that will soften and can repeatedly 
D In chloroethylene Chlorine be molded it into shape on heating and will set into the 
(vinyl chloride) a hydrogen molded shape as it cools 


atom has been substituted 

by chlorine, Its polymer ¥ 

is polychloroethylene Vinyl (PVC) 

(polyvinyl chloride or PVC), Vinyl, or PVC (polyvinyl! chloride), is a form 
of plastic used widely as a furniture covering, in 

1¥ ‘In styrene'a hydrogen atom on the ethylene 


molecule has been replaced by a ring of carbon g 
atoms, known as a benzene ring. Styrene is cable insulation, window frames, house panels 


polymerized to produce polystyrene. and for many other items. 


molded items such as washing bowls, electrical 


) ) It is a thermosetting plastic, meaning that the objects 
have to be formed from the polymer while it is still a 
Benzene ring hot liquid. Once it has cooled and set it will retain the 
shape that it has been given and will not soften again. 
Vinyl will harden and crack when exposed to 
ultraviolet light (a natural component of sunlight). 





It will also oxidize in air, To make it stable, give it 

V A polystyrene block 

) canbe broken up into 
smaller chips. 


attractive colors, and make it resistant to impacts, 


other materials have to be combined with it. Carbon 








powder, for example, is added to make the black- 





Polystyrene 
Polystyrene (polyvinyl 
benzene), or Styrofoam 
as it is often called, is a 
hard, brittle plastic made og 
by blowing air into the ~~ 

softened plastic. It is ~ 
frequently used for 
insulation, and its light ’ 
weight makes it ideal for 
packaging. However, it is very brittle and 
cannot withstand knocks as well as other plastics 


such as a 
uch as PVC . {A This house siding and the window frames are made 
Polystyrene is very hazardous in a fire because from u-PVC, which has been specially treated to prevent 


as it melts, molten globules flow away, carrying deterioration and discoloration when subject to 


the fire with them and thus helping spread it. ultraviolet light. This means that the house doesn’t need 
> to be painted, as similar, traditionally built houses would. 


colored plastic that can be used for waste bags and 
other uses where the material will be exposed. 














Rubber, a natural addition polymer 















Rubber is the name of an elastic 


j 
| material that can be stretched to 

| several times its own length before 
breaking. The word rubber originally 
referred to the material, known as 
latex, that is the sap of the rubber tree. 
However, a wide variety of synthetic 
rubbers is now also produced. 

| The rubber molecule is an example 
of a polymer, a giant molecule made 
of many (tens of thousands to 
millions) simple units arranged in a 
chain. The individual units (called 
monomers) are each about the size 
of a sugar molecule. 

The rubber polymer is elastic 
because the long chains are linked 
together (called cross-linking). 
Each chain can be pulled 
slightly past each other chain. 
The cross-linking, however, 

. A 4 Latex is tapped 
from rubber trees 
and then collected 
for processing, It is 


still a very labor- 
intensive operation. 








pulls the chains back into their 
original place when the force 


is removed. 





Rubbers can be made more 
strongly cross-linked using 
sulfur through a process called 
vulcanization. Vulcanization 
produces the very strong 
forms of rubber used for 


vehicle tires. 











AY Rubber is used in a very wide range of products wherever elastic waterproof 
properties are required. In this factory rubber is being used to make gloves for 
laboratory use. The forms, made of a ceramic material, are dipped into a bath of 
latex, giving them a coating. The coated forms are transported through an oven, 
where the rubber dries. The gloves are pulled off the forms, and a drying powder is 
puffed into them to make them easier to pull on and off. Air is blown into each 
glove to test for defects. All the gloves used by the chemists in the demonstrations 
in this series of books were made on this Malaysian production line. 





D Styrene, C,H,CHCH., is a hydrocarbon monomer. ¥ 
Itis stored as a liquid, but on exposure to air it 

polymerizes, setting into the shape of the container 

In much polymer chemistry, the polymer is formulated 

so that it has useful properties when solid 
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Also... The history of rubber 


Rubber was 
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Condensation polymers 


| The alternative to addition polymerization is called condensation 


- 
| 
| 


polymerization. In this process each stage in the polymer chain forms 
| as a water molecule is expelled. 

Many common fibers are formed by condensation polymerization, 
including nylon and polyester. Their structures are shown here and 
the way they are made is shown on the following pages. 


| Nylon 

Organic compounds containing nitrogen are important substances. 

1 ,6-diaminohexane can be polymerized with hexandioic acid to form 

a nylon. This is an example of condensation polymerization, where a 
water molecule is eliminated as every link in the polymer chain is formed 











Hydrogen 
t Oxygen 
me \ 
2 ( 
Nitrogen 7 
|,6-diaminohexane Hexandioic acid 
| Amino acids 
| Amino acids (one of the g 
0 acids (one of the building i recat 

| blocks of proteins) can link in a similar building blocks of the 


way to form long chains of proteins in tissues in animals. 
order to build tissues, They are natural 
condensation polymers. 


wd be 


“Ss, 


In the simplest amino acid, the shaded box A section of a protein chain Water 
would be a hydrogen atom. This section of the 
molecule is different for different amino acids. 











amino acid: amino acids are organic 
compounds that are the building blocks 
for the proteins in the body 


a water molecule is eliminated as every 
link in the polymer chain is formed 


ester: organic compounds formed by 
the reaction of an alcohol with an acid 
and which often have a fruity taste. 


| condensation polymerization: where 


<4 Synthetic fibers such as 
nylon and polyester are cheap 
to manufacture and are so are 
used for most modern clothing 


vy ytaty® + 14 


A chain of nylon Water 








Polyesters 

The polyester Dacron 

is produced by heating 

a mixture of terephthalic 
acid and ethylene glycol. 





Terephthalic acid Ethylene glycol 





Water 


Section of a Dacron polymer chain 
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Synthetic fibers 


In the past, fibers were made from natural materials 
such as flax, wool and cotton; however, synthetic 
fibers are made from chemicals. The advantage of 
synthetic fibers over natural fibers is that the chemist 
can control the nature of the material closely to suit 
a specific purpose. On the other hand, natural fibers 
are so sophisticated that they will often perform 
functions that chemists do not yet know how to 
copy synthetically. Even so, synthetic fibers are very 
attractive because of their flexibility and strength. 
Many are stronger than metals. 

The first fiber was rayon, a treated form of natural 
plant cellulose. The first entirely synthetic fiber was 
made in 1938. It was called nylon because it was 
due to collaboration between teams in New York 
(NY) and London (Lon). Like 
all fiber polymers, nylon is made 
into a syruplike substance and 
then extruded through tiny holes. 
The filaments (fibers) are then 
pulled out and wound onto 





a drum. 

Synthetic fibers can be woven 
into cloth as mixtures to add 
durability to the material. Many 
coats, for example, are a mixture 
of polyester (which is hard 
wearing) and wool (which is 
warm and pleasant to the touch). 

Synthetic fibers can also be 
incorporated into resins and made 
into composite materials with 
great strength. 


Making nylon in 
the laboratory 
A wide variety of plastics 
can be produced with 
simple techniques in 
the laboratory. The two 
chemicals used here are 
the organic chemicals 1,6- 
diaminohexane and 
hexan-dioy! chloride. 

As one liquid is 
poured into the other, 
the chemical reaction 
immediately produces a 
white solid. This is nylon, 


OV | .6-diaminohexane is 
poured carefully on to hexan- 
dioyl chloride. Here you can see 
the nylon forming at the interface 
between the two liquids. 











@V The technique of spinning the nylon is used to 
produce a thread, To do this a piece of the nylon is picked 
out of the solution using tongs and is carefully lifted clear. 
Here you can see the difficulty of obtaining a filament with 
an even diameter. To achieve this the material needs to be 
lifted from the beaker at a constant rate. 





polymer: a compound that is made of long chains by 
combining molecules (called monomers) as repeating 





units. (“Poly” means many, “mer” means part.) 


i solvent: the main substance in a solution (¢.g., water 
in saltwater), 


OV The filament begins to form. Here you can see that 

the filament can only be produced as long as the two liquids 
remain. As soon as the batch is used up, the process of picking 
a filament has to be repeated. Clearly, while the laboratory 
process shows that it is possible to produce filaments easily, 
industrial processes have to be found that make a more 
reliable filament in a continuous process. To do this the 
threads are extruded, not drawn, as shown on the next page 
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Polyester is a carbon-chain material that is 
widely used as a synthetic fiber, and it can 
also be stretched out to make a film. It is not 
a natural filament, for example, cotton or 
wool. Instead, it is pushed out, or extruded, 
from a liquid through fine holes in a 
machine (called a spinneret) and then 
pulled into long filaments. 

Polyester is a synthetic fabric made from 
woven filaments. It has been designed to 
be strong (it will not break easily when 
being woven on a machine), to stand 
up to many machine washes and to be easy 
to dye so that it can be made into many 
colors. It will also stretch and so be more 
comfortable for the wearer. The filaments 
can then be blended with natural fibers 
(to give more wear resistance than natural 
materials) or used on their own. 

Some special forms of polyester fibers 
are given a hollow cross-section. This 
gives them the property of being good 
at insulating yet lightweight, so they can 
be used for warm clothing. Another form 
of polyester is made of microfibers, which 
make a mesh that keeps wind and water out 
yet allows body moisture to seep through. 
Hollow and microfiber polyester is widely used in 
clothing. In the case of sportswear the materials have 
to be waterproof and yet allow body moisture 
out. They have to resist the scuffing 
that comes from a fall, and they 
have to be lightweight 


so they do not unduly 
restrict movement 







Polyester fiber and film 





AY To make fibers, liquid polymer is 
extruded. The polymer typically arrives in 
the form of pellets, which are then heated to 
make a liquid, The liquid is then extruded 
through fine nozzles in the spinneret so that 
filaments (single strands) of plastic emerge 
These are cooled and rapidly solidify so they 
can be twisted together to make a fiber. 


Plastic pellets 
are dispensed 
from a hopper. 
Pressurized 
heating chamber 
Polyester fiber 
|| 


Spinneret ~ || ; 
; 
( 












® extrusion: tormi 






1 shape by pushing it through 
extruded | 
p (die) of the toothpaste tube 
Y Filaments of polyester fiber | 
are wound onto drums in a synthetic: d 


foes not occur naturally but has to be | 
modern synthetic fiber factory manufactured 








aple, toothpaste 































Also... Esters 





The word “ester” refers to a group of organic compouni 


on solvents and pl 





many flavorings and also comr 
(used asa backing on photographic film, for example). Esters are often 
made by reacting acids with alcohols 

Polyesters are polymers made with ester groups. Polymers used 
for coatings are made so that the polymers are cross-linked 
(as are rubbers). The form of polyester used for fibers is 
called polyethylene-terephthalate 

Polyesters can also be stretched into films such as 
the base of photographic films (when they are 
usually referred to simply as “acetate”). The 
sails on boats are also usually made from 
polyesters because of their strength 
and resistance to rotting ‘A This phorographie'fim 
is made from an ester 
normally called acetate. 








Carbonebased eames 


and the environment 


Carbon is found in nine-tenths of all the 
known compounds. In gases, it has also been 
used in making more synthetic materials than 
any other element. People are more concerned 
about the effects of synthetic materials because 
it is not always known how they react with 
people, animals and plants. 

People are less concerned about the use of 
inorganic carbon-based compounds, such as 
limestone, than they are about organic carbon 
products, such as oil and coal. For example, the 
extraction of limestone from a quarry produces 
a limited environmental impact that can be 
understood and evaluated easily. The extraction 
of organic carbon-based chemicals produces 
much more complex problems. For example, 
some are made from forest products, and this 
can have grave implications for forest renewal. 
Many products are burned, adding to the 
Greenhouse Effect (see page 12). Oil is 
extracted from the ground and transported 
as a liquid, with the accompanying danger 
of possible oil spills. 

Organic products cause concern because 
of the way they may interact with people 
and other living things. Many are designed 
as weedkillers, pesticides and so on, so it is 
possible that others produced for different 
purposes could have harmful side effects 
on living things. All this causes continuing 
concern, which is why regulation of the 
organic chemicals industry is so vital. 


(42 





‘A Burning fossil fuels produces carbon dioxide 
in the air, adding to the Greenhouse Effect. 


Pesticides and herbicides 
Some carbon-based dyes and 
pesticides have been found to 
be very hazardous to health. 
The pesticide DDT, for 
example, was found to be very 
effective and was used all over 
the world. Years later, however, 
it was found to be very harmful 
to fish and birds, and its use is 
now banned in most parts of 
the world. 


Oil 

The main area of concern 
involves oil spills because the 
thick layers of oil take time to 
be oxidized to carbon dioxide 
gas or to be digested by 
organisms in water. Before 
natural processes can react with 
the oil, many animals are likely 
to die from ingesting the oil. 


> Clearing up after the Exxon Valdez spill 
in Prince William Sound, Alaska. 











oxygen. 


Plastics oxidize: the process of 





eS . This can be part of a controlled chemical 
Another area of concern is in the use of plastics Pei paca er tie ieee 
because these materials are inert, that is, they do exposing a substance to the air, where 
not oxidize, are insoluble in water and cannot be oxidation (a form of corrosion) will occur 


. slowly, perhaps over months or years. 
digested by the organisms that normally cause decay ee 


Special formulations, used as substitutes for petroleum- 
P 


based plastics and based on starches from plants, may help Organic chemical releases 


solve some of these problems for plastics used in pack: - - 
Sometimes fumes emanating from 





ng. 


hese polymers decompose naturally in the wet conditions 
TEAS: P ‘ chemical plants can have disastrous 


of the soil and so will decay in landfill sites. 


effects, as they did in the Bhopal, 





India, incident in 1984. There a 
pesticide plant accidentally allowed 
water into a tank of methyl isocyanate. 
The result was the release of a toxic 


gas that killed 2,500 people and 


injured hundreds of thousands more. 








P Trash collection 
bags are now being 

A Apolystyrene cup designed to be 

that will not decay disposable, as is 


some packaging 








Key facts about... 











Carbon ey 
chemical 
The sixth most common symbol C The most versatile of all the 
element, making 0.2% of elements; 94% of all 
the Earth’s crust compounds contain carbon 
ait Hardest form 
An important building @_ ae 
block of all natural 2: is diamond 
substances A 
d Can be burned 
as a fuel 
Carbon dioxide is % 
anilimpontentgas ye Can combine into 
in the air i os long chains, the 
basis of plastics 
Good conductor Melts at a high 
of electricity temperature (3550°C) 
Atomic number 6, 
atomic weight about 12 
Used as the standard from which 
the atomic weights of all other 





elements are calculated 
SHELL DIAGRAMS 
The shell diagram on this page 
isa representation of an atom 
of the element carbon. The total 
number of electrons is shown in 
the relevant orbitals, or shells, 
around the central nucleus. 


Electron shell 
Electron 





Nucleus containing 
protons and neutrons 
(called nucleons) 


P A petrochemical plant as seen from the air. The 
organization of such a plant is a very complex task. 
Each of the processes has to be arranged so that the 
products from one plant become the raw materials 
for another. Many materials also have to be recycled 
so they can be processed properly. This adds to the 
complexity of the site. 


D Engine oil is one of the many 
fractions of crude oil extracted 
by fractionation ina refinery. 

















The Periodic Table 


The Periodic Table sets out the relationships 
among the elements of the Universe. According 
to the Periodic Table, certain elements fall into 
groups. The pattern of these groups has, in the 
past, allowed scientists to predict elements that 
had not at that time been discovered. It can still 
be used today to predict the properties of 
unfamiliar elements. 

The Periodic Table was first described by a 
Russian teacher, Dmitry Ivanovich Mendeleev, 
between 1869 and 1870. He was interested in 





GROUP 2 









Actinoid metals 


Lanthanide metals 


writing a chemistry textbook and wanted to show 
his students that there were certain patterns in the 
elements that had been discovered. So he set out 
the elements (of which there were 57 at the time) 
according to their known properties. On the 
assumption that there was pattern to the elements, 
he left blank spaces where elements seemed to be 
missing. Using this first version of the Periodic 
Table, he was able to predict in detail the chemical 
and physical properties of elements that had not yet 
been discovered. Other scientists began to look for 
the missing elements, and they soon found them. 


a Metals 


fl Metalloids (semimetals) 
B Nonmetals 


Transition metals 


\ 
















Hydrogen did not seem to fit into the table, and 
so he placed it in a box on its own. Otherwise the 
elements were all placed horizontally. When an 
element was reached with properties similar to the 
first one in the top row, a second row was started. 
By following this rule, similarities among the 
elements can be found by reading up and down. 
By reading across the rows, the elements 
progressively increase their atomic number. This 
number indicates the number of positively charged 
particles (protons) in the nucleus of each atom. 
This is also the number of negatively charged 
particles (electrons) in the atom. 

The chemical properties of an element depend 
on the number of electrons in the outermost shell. 


3 


Atomic (proton) number 


3 Symbol 


ee Name 


Approximate relative atomic mass 


Atoms can form compounds by sharing 
electrons in their outermost shells. This explains 
why atoms with a full set of electrons (like helium, 
an inert gas) are unreactive, whereas atoms with an 
incomplete electron shell (such as chlorine) are 
very reactive. Elements can also combine by the 
complete transfer of electrons from metals to 
nonmetals, and the compounds formed contain 
ions, 

Radioactive elements lose particles from their 
nucleus and electrons from their surrounding 
shells. As a result they change their atomic number 
and so become new elements. 
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Understanding equations 


As you read through this book, you will notice 
that many pages contain equations using symbols. 
If you are not familiar with these symbols, read 
this page. Symbols make it easy for chemists to 
write out the reactions that are occurring in a 
way that allows a better understanding of the 


processes involved. 


Symbols for the elements 

The basis of the modern use of symbols for 
elements dates back to the 19th century. At this 
time a shorthand was developed using the first 
letter of the element wherever possible. Thus 
“O” stands for oxygen, “H” stands for hydrogen 


Written and symbolic equations 


and so on. However, if we were to use only the 
first letter, then there could be some confusion. 
For example, nitrogen and nickel would both 
use the symbols N. To overcome this problem, 
many elements are symbolized using the first two 
letters of their full name, and the second letter is 
not in capitals. Thus although nitrogen is N, 
nickel becomes Ni. Not all symbols come from 
the English name; many use the Latin name 
instead. This is why, for example, gold is not G 
but Au (for the Latin aurum) and sodium has the 
symbol Na, from the Latin natrium, 
Compounds of elements are made by 
combining letters. Thus the molecule carbon 


In this book important chemical equations are briefly stated in words (these are called 
word equations) and are then shown in their symbolic form along with the states. 


What reaction the equation illustrates 


ig 


~~ —> Calcium oxide + water «> calcium hydroxide 


Written equation 


+ 


CaO\(s) 
Symbol equation ———_ 


Sometimes you will find an additional et 


description below the symbolic equation. 


Diagrams 
Some of the equations are shown as graphic representations, 


Oxygen 
Hydrogen 


Calcium 


Calcium oxide Water 


4 


Sometimes the written equation is broken up and put 
below the relevant stages in the graphic representation. 


H,0(0) 4 


EQUATION: The formation of calcium hydroxide 


Ca(OH) (aq) 


heated 


Symbol showing the state: 
sis for solid, [is for liquid, 
Wis for gas and aq is for aqueous. 


Calcium hydroxide 








































monoxide is CO. By using letters that are not 
capitals for the second letter of an element, it is 
possible to show that cobalt, symbol Co, is not 
the same as the molecule carbon monoxide, CO. 

However, the letters can be made to do much 
more than this. In many molecules, atoms 
combine in unequal numbers. So, for example, 
carbon dioxide has one atom of carbon for every 
two of oxygen. This is shown by using the 
number 2 beside the oxygen, and the symbol 
becomes COs. 

In practice, some groups of atoms combine as a 
unit with other substances. Thus, for example, 
calcium bicarbonate (one of the compounds used 
in some antacid pills) is written Ca(HCOs)>. This 
shows that the part of the substance inside the 
brackets reacts as a unit, and the “2” outside the 
brackets shows the presence of two such units. 

Some substances attract water molecules to 
themselves. To show this a dot is used. Thus the 
blue-colored form of copper sulfate is written 
CuSO,.5H,0. In this case five molecules of 
water attract to one copper sulfate. When you 


Atoms and ions 

Each sphere represents a particle of an element. 

‘A particle can be an atom or an ion. Each atom or ion 
is associated with other atoms or ions through bonds — 
forces of attraction. The size of the particles and the 
nature of the bonds can be extremely important in 
determining the nature of the reaction or the 
properties of the compound. 


This indicates that the 
compound is ionic. 






Boni 


DP This represents 
a unit of sodium 
bicarbonate (NaHCO.). 


The term “unit” is sometimes used to simplify 
the representation of a combination of ions. 


by * 


see the dot, you know that this water can be 
driven off by heating; it is part of the crystal 
structure. 

In a reaction substances change by rearranging 
the combinations of atoms. The way they change 
is shown by using the chemical symbols, placing 
those that will react (the starting materials, or 
reactants) on the left and the products of the 
reaction on the right. Between the two, chemists 
use an arrow to show which way the reaction is 
occurring, 

It is possible to describe a reaction in words. 
This gives a word equation. Word equations are 
used throughout this book. However, it is easier 
to understand what is happening by using an 
equation containing symbols. These are also 
given in many places. They are not used when 
the equations are very complex. 

In any equation both sides balance; that is, 
there must be an equal number of like atoms on 
both sides of the arrow. When you try to write 
down reactions, you, too, must balance your 
equation; you cannot have a few atoms left over 
at the end! 

The symbols in brackets are abbreviations for 
the physical state of each substance taking part, 
so that (s) is used for solid, (/) for liquid, (g) for 
gas and (aq) for an aqueous solution, that is, a 





solution of a substance dissolved in water. 


Chemical symbols, equations and diagrams 
The arrangement of any molecule or compound can 
be shown in one of the two ways below, depending 
‘on which gives the clearer picture. The left-hand 
diagram is called a ball-and-stick diagram because it 
uses rods and spheres to show the structure of the 
material. This example shows water, HO. There are 
two hydrogen atoms and one oxygen atom. 


ry 


ad 





id shown, 
'stick” 








Colors too 
The colors of each of the particles help differentiate 
the elements involved. The diagram can then be 
matched to the written and symbolic equation given 
with the diagram. In the case above, oxygen is red 
and hydrogen is gray. 











Glossary 


absorb: to soak up a substance, Compare to 








































adsorb, 


adsorb: to “collect” gas molecules or other 
particles onto the surface of a substance. They 
are not chemically combined and can be 
removed, (The process is called “adsorption.") 


acetone: a petroleum-based solvent 


amino acid: amino acids are organic 
compounds that are the building blocks for the 
proteins in the body 





catalyst: a substance that spe: 
reaction but itself remains unaltered at the end 


ds up a chemical 


of the reaction 


combustion: the special case of oxidization of 
a substance in which a considerable amount of 
heat and usually light are 
Combustion ts often ref 


ven out 





red to as “bi 





ming, 


compound: a chemical consisting of wo or 
more elements chemically bonded together 
Caletum atoms ean combine with carbon atoms 
and oxygen atoms w make calcium carbonate, 


a. compound of all three atoms 





condensation polymerization’ where 
water molecule is ehminated as every hnk in 
the polymer chain is formed 


cracking: breaking down complex molecules 
into sinypler components, Ie is a term 
particularly used in oil refining, 


ceude oil: a chemical mixture of petroleum 
Iiguids, Crude oil forms the raw matenal for an 
oil refinery 





erystal: 4 substance that has grown freely so 
that it can develop external faces, Compare 

with crystalline, where the atoms were not free 
to form individual erystals, and amorphous, 


Where the atoms are arranged irregularly 


dehydration: the removal of water fron a 
substance by heating it, placing it in a dry 
atmosphere or using a drying agent 


electrode; a conductor that forms one terminal 
of a cell, 


ester: orgame compounds formed by the 
reaction of an alcohol with an acid and which 
often have a fruity taste 


extrusion: forming a shape by pushing it 
through a die, For example, toothpaste is 
extruded through the cap (die) of the 
toothpaste tube 


fossil fuels: hydrocarbon compounds thar have 


been formed from buned plint and animal 





remains, High pressures and temperatures 
lasting over millions of years are required, The 
fossil fuels are coal, onl and natural 


of technical terms 


fraction: a group of similar components of a 
mixture. In the petroleum industry the light 
fractions of crude oil are those with the smallest 
molecules, while the medium and heavy 





fractions have larger molecules. 





gelatinous: a term meaning made with water. 
Because a gelatinous precipitate is mostly water, 
itis of a similar density to water and will Hoat 


or lie suspended in the liquid. 





glucose: the most common of the natural 
sugars, It occurs as the polymer known as 
cellulose, the fiber in plants. Starch is also a 
form of glucose, The breakdown of glucose 
provides the energy that animals need for life 


Greenhouse Effect: an increase 
air temperature as a result of hi 
burning fossil fuels being absorbed by carbon 





the global 
sed from 





t rel 








dioxide m the at 





wosphere 


halogen: one of a group of elements including 
chlorine, bromine, iodine and fluonne 


latex: (the La 
suspension of small polymer particles in water. 





n word for “liquid”):a 


The rubber that flows from a rubber tree is a 
natural latex, Some synthetic polymers 





nude as latexes, allowing polymerization to 
take place in water 


mineral: a solid substance made of just one 
element or chemical compound, Calcite is a 
mineral because it consists only of calen 








carbonate; halite is a mineral because it contains 





eral 





only sodium ehloride; quartz san 
because it consists of only silicon dioxide. 


mixture: 4 material that can be separated mo 
‘fwo or more substances using physical means 


molecule: 4 group of Qvo or more atoms held 
together by chemical bonds 


monomer: a building block of a larger chan 





molecule (“mono” means one, “mer” means 


Pp 





) 





noncombustible: a substance that wall not 
burn, 


oxidation: a reaction in which the oxidizing 





gent removes electrons, (Note that oxidizing 
agents do not have to contain oxygen.) 


oxidation/reduction: a reaction in which 
oxygen is gained/lost 


oxidize; the process of gaining oxygen. This 
can be part of a controlled chemical reaction, 





substance 
where oxidation (a form of 


or it can be the result of exposing 








corrosion) will occur slowly, pethaps over 
months or years 





petroleum: a natural mixture of a range of 
gases, liquids and solids derived from the 
decomposed remains of plants and animals 


photosynthesis: the process by which plants 
use the energy of the Sun to make the 
compounds they need for life, In 
photosynthesis six molecules of carbon dioxide 
from the air combine with six molecules of 
water, forming one molecule of glucose (sugar) 
and releasing six molecules of oxygen back into 
the atmosphere 





plastic (material): a carbon-based material 
consisting of long chains (polymers) of simple 
molecules. The word plastic is commonly 
restricted to synthetic polymers 





plastic (property): 1 material is plastic if it can 
bbe made to change shape easily, Plastic 
materials will remain in the new shape. 
(Compare with clastic, a property whereby a 
material goes back to sts original shape.) 


polymer: a compound that is made of long 
chains by combining molecules (called 
monomers) as repeating units, (“Poly"” means 


many, "'mer” means part.) 





non in which 





polymerization: « chemical 
large numbers of similar molecules arrange 
themselves into large molecules, usually long 
chains. This process usually happens when 
there is a suitable catalyst present, For example, 
ethylene reacts to form polyethylene in the 
presence of certain catalysts 


reagent: 4 starting material for a reaction 








solvent: the main substance in a solution 





(eg. water in saltwater) 





sublimation: the cha 
solid to gas, or viea versa, without going, 
through a liquid phase 





ge of a substance from 





synthetic: does not occur naturally but has to 
be manufactured 


thermoplastic: 4 plastic that will soften and 
can repeatedly be molded it into shape on 
heating and will set into the molded shape as it 
cook, 


vapor: the gaseous form of a substance that is 
normally a liquid, For example, water vapor is 
the gaseous form of liquid water, 


vulcanization: forming cross-links between 
polymer chains to increase the strength of the 
whole polymer, Rubbers are vulcanized using 
sulfur when making tires and other strong 
materials. 
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A-bomb 15: 38 
acetate 8: 41 
acetic acid 1: 31, 7: 33, 8: 29 
acetone 73 34, 8: 28 
acetylene 8: 29, 14: 22 

acid 1: 12, 18, 19, 20, 














42, 7: 14, 43, 13 

acid burn 1: 24, 13: 26, 2: 
3:13, 42 10, 
10: 12, 11:31, 
42,13: 18, 19, 

acidity 1; 20-21 

acidosis 1; 28, 

acids 9: 11 

acid soil 4: 17 

activated charcoal 8: 22, 25, 14: 27 

addition polymer 8: 32-35 

adhesive 3: 12: 20 

admiralty brass 5: 18, 

adsorption 14: 27, 7: 35, 8: 23 

aeration 12: 8, 9 

aeroembolism 11: 37 

Ag 5:3, 44 

agate 9: 13, 14 

Agent Oringe 14: 29) 

air 11: 38, 12: 6, 7, 17 

air bag 11: 29 

ALT 4 4 

alchemists, alchemy 1: 22, 23, 15: 11 

alelad 7: 23 

alcohols 8: 2 

algae 3: 4, 40, 11243 

algal blooms 14: 43 

, 2: 5, 32, 7: 4, 

14, 15, 39 

32, 33, 2: 6, 31,32 

alkanes (paraffins) 8: 28 

alloy 42 34, 35, 36-37, 40, 5: 

41, 7: 22-23, 9: 31, 




































40,41 
alpha particle 15: 8, 42 
alpha radiation 1 
alum 7: 4, 7, 36, 8: 15, 
alumina 7: 16, 17, 18, 19 34 
alumina-sibica gel 8: 27, 1: 26, 36 
aluminum 1: 26, 36, 2: 

5: 35, 7: 4, 44, 6: 
20, 26, 34, 37, 1 
12: 10, 38, 15:9 
aluminum foil 7: 21, 30 
aluminum hydroxide 7: 36, 37, 38 
aluminum oxide 7:7, 14, 16, 17, 18, 
34, 35, 21,9 13, 
12: 11,39, 4317 
aluminum sihcate 9 26 

aluminum sulfate 7: 7, 36, 38, 8: 

amalgam 5: 35, 42, 6: 26, 36, 37, 
7: 14:19 

amalgamation 5: 39 

Amatol 11: 27 

amethyst 9: 12 

amino acids 8: 36 

ammonia 1: 16-17, 
2: 28, 29, 
37, 13: 36, 43, 14: 17, 34, 39 

ammonia fountain 1 

ammonia solution 5: 27 





































39, 11:37, 


36, 


ammonite 3: 9 
ammonium chloride 1: 
29,4: 41, 6: 14, 15, 
1. 
ammonium dichromate 1 
ammonium hydroxide 11. 
ammonium nitrate 11: 13, 27 
ammonium nitrite 11: 27 
ammonium perchlorate 12: 39, 








14: 24 

ammonium sulfite 7: 36, 11: 14, 
13:43 

ammunition 10: 15, 11: 





amorphous 9: 38 
amphiboles 9: 24 
amphotene 6: 10, 7: 14 
anesthetics 14: 5 
anglesite 10: 7 
anhydrous 13: 34 

6: 12, 





37, 6: 12, 13, 7: 


anodizing 7: 26 
acid 2: 31, 3: 5,42, 49, 8: 15 
thracite 8: 7 

antibacterial agent 6: 38. 
antimony 10: 15, 40 
antiniony-133 15: 29 

antioxidant 11: 10 

antiseptic 14: 41 

apatite 11: 42 











1: 36 

. 26, $2 41, 11: 36, 

aquamarine 9: 23, 12: 10 

aquifers 2; 20. 

architectural brass 5: 19 

Arts 5.44 

argon 1: 38, 39, 42, 45, 4: 30, 11: 8, 
9,92: 17,15: 11 

arseme 2: 30, 1. 2 

asbestos 14: 20, 

axphale 8: 26, 27 

aspirin 1: 30 

stmosphere 3: 12, 11: 6, 

atom 1: 4, 38, 13: 4,7 

atomic bomb 15: 38, 39 

atomic number 1-15: 44, 45, 47 

atomic Weight I-15: 44. 45, 47 

atoms 


Au 3:3, 4 


agua fons tz 2 














12:6, 8,12 














augite 
auront 12:7, 11:7 
Australia 7: 11 
anide 11 





background radiation 15: 14-15 
Bacon, Roger 11: 
bacteria 13: 
Backland, Leo 
Bakelite 8: 31 
baking powder 2: 30 
baking soda 2: 28, 30, 8: 14 
banite 13: 12 

barium chlorate 142 24 
banum-142 15; 
barium peroxide 
bartum sulfate 13 12 



























ter 6: 0 
43, 15: 18 
base 1: 22, 23, 32-33, 44, 2: 32, 





base bullion 10: 10 

basic-oxygen furnace process 4: 
3 

basic-oxygen process 12: 27 

battery 4: 41, 6: 5, 12, 10: 28, 
13: 30, 31 

bausite 7: 1-11, 13,14, 16, 18 

Bayer, Karl oseph 7: 12 

Bayer process 7: 14, 16 

becquerel 15: 13, 22 

Becquerel, A. H. 6: 

bell-making bronze 


bends 1 
























benzene ring 8: 33 
beryl 
berylli 





Bessemer Converter 4: 31, 12:27 
Bessemer, Sir Henry 4: 31 

beta particle 15: 8. 

bet radiation 15: 8, 9 





biotite 
bismuth 1 
black phosphorus 113 38 








ist furnace 4: 24, 
bleach 42 42, 12: 21, 13: 18, 20-21, 
14,15, 24 

vat 13: 18-21 





bleaching aj 
blood 12: 
blood (sales) 2: 18, 19 
blue-green algae 112 18, 19, 22 
Blue John 14: 8, 36 

blue vitriol 5: 24, 13: 32 

body 2: 18,19, 3: 5, 32 

bog tron ore 4:13 

bond 1: 9, 11, 2: 23, 3:49 
bone 3:5, 32 

Bordeaux 
bornite 5: 6 

boron oxide 9: 38 
borosilicate glass 92 39 
Br 14:5, 45, 
S19, 

















13: 34, 42 





brass 27, 6: 4, 20, 10: 





braze 5: 18, 7: 20 

Brazil 7: 11 

breeder reactor 15: 35 

brimstone 13: 4, 3, 10 

stone and treacle 13: 42 

e 1: 14, 15, 2: 12, 13, 25, 26, 27, 

28, 29, 40, 6: 33, 14: 18, 19, 20 

bromide 14:4 

¢ B: 23, 14: 4, 5, 6.8, 27. 42 
43.45 

bromothymol blue 12 21 

bronze 5: 20-21, 27, 34, 6: 20, 21, 
10: 40, 41 

Bronze Age 5: 20, 10: 

bronze coms 1 

buckled ing 13: 

buckminsterfullerene 8: 8, 22 

buffer 1: 28, 29 

building stone 3: 18, 
























burette 1: 35 
burt lime 
burnt ocher 4: 13 








butane 8: 7, 26, 28 
C844 
Cade 4 4 





cadmium 6: 5, 40-43, 45, 15: 34 

cadmium battery 6: 41 

cadmium borate 6; 42 

cadmium hydroxide 

cadmium plating 

cadmium sulfide 
13: 12, 24, 25 

cadmium tellunde 

cadmiom test 6: 40, 

caleite 328, 10, 14, 16, 33, 9 18. 

calcium 3: 4, 6, 38, 40, 42, 44, 720, 
9:11, 20, 38, 

calcium bicarbonate 13 29, 3: 15, 27, 
38, 42 

calcium carbonate 12 23, 29, 34, 3: 4, 
8, 12, 15, 16, 21, 26, 33, 39, 
43, 4: 31, 8: 15, 9:9, 18, 39, 
40, 142 35 

ealeium chlorate 142 14, 16, 24 

caleium chloride 2: 28, 142 19 

calcium fluonde 3: 8, 14: 8,9 

calcium hydrogen carbonate 3: 38 

4, 26, 28, 








40, 42, 43,92 41, 


2 














caleium hydroxide 
11: 14 

calcium tons 3: 

calcium oxide 2: 29, 3: 20, 24, 48, 
4: 26, 31, 7: 16, Ne 14, 12: 26, 
Vas 4 

caletum phosphate 3: 32, 11: 38, 42, 
43, 14: 37 

calm silicate 4: 

caletum sulfite 3: 8, 30, 42 25, 13: 9, 
12, 13; 32; 113 43. 

calomel 6: 32 

camphor 8: 31 

cancer 15: 42 

7:32, 33,40 













carbon 1: 24, 4 
32, 34, 41, 


27, 28, 29, 30, 31 
4,15, 72 18, 19, 

3.10: 8, 10, 

13: 26, 27, 14: 13, 







carbon black 42 41, 8: 22 

carbon compounds 8: 6 

carbon cycle 8: 1-11, 13 

carbon dating 15: 18 

carbon dioxide 1:23, 8, 20, 
30), 31, 3: 12, 19, 26, 43, 49. 

26, 27, 72 38, 39, 8 10,11 

S12: 14, 15, 











4 

carbon dioxide, radioactive 15 

carbon-14 113 6, 15: 7, 10, 16, 17 
19 

carbonic acid 1: 24 

Carboniferous Period 8: 

carbon monoxide 42 24, 27, 30, 5: 4, 
9.62 8, 8: 10-17, 102 8, 125 13, 
24 











carbon tod 4: 41 
carbon tetrachloride #4: 30 
catbon=12.15: 7 
carbonyl compounds 8: 28 
carborundum 8: 
carboxylic acid 1: 30 
eamelhian 9: 13 
case hardening 4: 33 
cassiterite 102 4 
east iron 42 24, 28, 29) 
casting 6: 22, 23, 
Castner, Hamilton 2: 
Castner-Kellner cell 6 
CastnerKellner process 4: 18-19 
catalyst 1 
13: 22, 28 
catalytic converter 12: 41, 8: 16, 
10:33 
cathode 2: 23, 27, 3: 37, 4:41, 
6:12, 13, 72 18, 19, 102 1 
cathode ray tube 6:42 
cathodic protection 4:7, 3 
12: 32, 33 
cathodic protector 7: 25 
cation 2: 15, 35, 3:29 
cat's 13 
caustic 3: 22 
caustic soda 1s 32, 2: 6, 32, 
TAS 
caves, cave formations and 
3:14 
C0655, 45 
coll 6: 13 
cellulose 8: 
cellulose ae 
cellulose nitrate 8: 31 
ment 3:5, 21, 22, 9 IN 
mic 9 29, 31 
Cerenkoy taduation 15: 45 
cenive 10: 30 
corusite 10: 7 
west 137 
CFCs we chlorofluerncarbons 
cchatn sthcates 9: 24 
chalcedony 9: 13 
chalcopyrite 8:6, 13: 12 
chalk 324, 10 
chal 8: 10 
charcoal 8: 
furnace 4 
chemical bonds 8: 
Chemobyl 15: 37 
china clay 9 26, 28 
chlorates 14: 24 
chloride tons 1:34, 2: 9, 22, 26 


chlorinated hydrocarhony 142 30 
chlorination 14: 11 
chlonne 2:7, 12, 23, 26, 27, 


chloroethylene 8: 33, 14: 23 

chlorotluorocarbons 12: 1. 
39, 

chloroform 142 5 

chlorophyll 3: 34 

cholera 14: 16, 

chromatography 7: 35, 

chrome 12: 32 

chrome alloys 42 36 

chrome oxide 4: 38 

chrome steel 4: 36 

chromuc acid 4: 37 


2, 13, 17, 8:27, 195 17, 


chromic oxide 4: 37 
chromute 4: 36 


chrommum oxide 1 
chronnum HI oxide 
cannabar 6: 5, 20 
circuit 9: 36, 37 
citric acid 1: 18, 30, 31 
canine 9: 12 
Chit: 4, 44 
29, 7:7, 8, 34, 36, 9: 26, 29 


cobalt hydroxide 1 

cobalt sulfide 13: 24 

cobalt-60 15: 17, 27, 43 

ge metals 5: 4 

coins 5: 20, 28, 41 

coke 5. 1, 10: 10, 


collector 
color 
combustion 115 39, 12: 34, 38, 
14 
compound 2: 5, 22, 3:4, 7, 41 
20, 8: 7, 50, 1A: 
12: 15, 35, 39, 13 
Comstock Lode 
concentrated sex 
conchondal fracture 
concrete 3: 5, 23, 15: 
le cles 142 8, 40 
condensation polymers 8: 36-37 
conduction, cleetrical 2: 22, 23, 
9 
conduction, heat $: 15, 7: 2 30, 
MI 
Contact process 13: 28-29 
rods 15: 34, 55 
2:23.42 6.7.40, 
44.628, 10, 12, 
7:4, 22, 28, B: 17. 
44 Ate 5.3 
29, 14: 12 
capper carbe 
13: 4 
copper chlorate U4: 24 
copper chlonde 14: 12 
copper complex 8: 27, 13: 37 
copper deficiency 5: 22 
copper hydroxide 
copper 26,11: 
copper 
copper oxide 
BTL 
copper sulfate 
3, 23, 24 
12: 28, 13: 32, 
copper sulfide 5: 
13: 12, 


corrosion 


12: 30, 32 
corundum 7: 6,9, 12: 11 
cosmetics 10: 30 
cosmic radiation 15: 10, 14, 15 
covalent bond 1: 11 
r4:5, 45, 
cracking 1: 14, 15, 8: 26, 


cross-linking 8: 34 
emde oil 1: 14, 15, 8: 


crystals 3: 8, 4: 13, 


13; 12, 13, 15. 

cubic zircoma 9: 21 

cune 15: 13, 22 

Cune, Mane and Pierre 1) 
B 

curing 2: 25 

currency 5: 41 

current 9: 34 

cyanide 14: 26 

eyelornn Wlenetrnitramine 
U1: 27 

Czocliralskt method 9: 35 


D 


Daniell cell 6: 13 

Daniell, John 6: 12 

Darby, Abraha 

DDT 8: 42, 14: 29 

decomposition 4 23, 10: 20, 21 
11: 25, 32, 1 

decorative brass 5:19 

decreprtation 11: 32 

detlagrating. spe 

debydrating ag 


demitrifying bacteria 11: 23 
dental 14: 5 


30, 38 
fusion 15: 30 
chualysis 22 19) 
diamond 7: 6, 8: 8,9: 12. 13, 21, 
14: 37 


duphragm (electrolysis) 2: 
ragm cell 1: 14, 1 

dichlorodiethyl sulfide 13: 40 

dichlorometha 


diesel 
dilute acid 1: 
diode 9 34. 
ants 14: 29 
diphosphine 11; 39 
discharge tube 1: 43, 
disinfectant 4:42, 11: 12, 14: 16, 43 
displacement reaction 1 
dissociate 12 11, 19, 
2B 
dissolve 
dissolvin; 


disalling mtrogen 11: 8 
DNA 
dolomite 


doping 9: 35 

Downs process 2: 26, 142 19 
dry ammonia 11: 14 

dry batteries (cell) 6: 5, 14 
dry cell 4:41 

dry cleaning 14: 30 

dry ice 8: 14 

dry zinc—silver battery 6: 13 
duralumin 7; 23 


dynarmte 1 


ebonite 13: 38 
ical cable 7: 28 
electrical conduction 
electrical conductor 5: 16 
electric are process 4: 30 
electricity 9: 34 
electrode 3: 37, 42 1, 41, 6: 12, 
13, 7: 
cetrolysis 1: 10, 11, 15, 2: 23, 
2-27, 42 11, 37, 53 12, 13, 
6: 9, 7; 18, 19, 12: 28, 14: 
21 
electrolyte 1: 31, 2: 4th, 
6: 12, 13, 14, 15, 33, 7519, 
10: 29, 12: 9, 18, 13: 30, 31, 
14:19 
electrolytic cell 7218, 19, 43, 45 
electron 1-15: 44, 1: 36, 38, 39, 
210, 12, 13, 
9: 34, 35, 10: 20, 15: 6, 7,8 
electron shell 143 6 
clectronies 9: 36 
electroplating 4: 37, 7: 26 
electrostatic precipitators 13: 
clement 1-15: 4 
elements, ongin of 15:7 
emerald 4: 36, 9: 12, 22, 12: 10. 
emery 
emitter 9: 36 
emulsion 4: 38, 5: 32, 14: 43 
enriched uranium 15: 25, 33 
environmental damage 11: 43 
environmental impact 8: 42-43 
Epsom salts 13: 32 
equations 115: 48-49 
esters 1: 30, 8: 29, 41 
ethane 8 
ethanol 8: 28 
ethyl acetate 8: 29 
ethylene 


ethyne 8: 29 

evaporated 142 8. 

evaporation 2: 11, 12, 13 

exothermic t 24, 14: 12 

exothermic reaction 2: 34, 5 
12: 14, 36 

explosives 14: 24, 11: 24-29, 36 

extrusion 7: 20, 33 


fallout, nuclear 1 
fast reactor core 13 
ft 1s 30, 32, 2: 


feldspar 2: 8, 41, 77, 10,9: 10, 11, 
26, 28 

Ferm, Ennico 15: 33 

ferric hydroxide 1: 33, 42 14 














ferric oxide 4:11 
ferrocyanide 4: 15 
ferrous 42 14 
ferrous hydroxide 4: 15 
fertilizer 1: 16, 24, 26, 2: 5, 40, 
1A: 12, 13, 20-21, 36, 13: 17, 
29,43 
film badge 15: 12 
fire extinguishers 7: 38, 
fireworks 11: 26 














fixing 5: 32 
fixing nitrogen 11: 16-19 
Fld: 445 
flame retardants 12: 
float glass 9: 40-41 
floceulate 3: 25 
flotation 5: 10, 11 
flowstone 3: 14 
fluorescence 14: 9 
fluorescent lights 6: 
fluorescent tube 1 
fluonde 14: 4, 
duoring 4: 8, 8: 33, 12: 10, 14:4, 5, 

6,8, 36-37, 38, 45 
fluonte 1 
fluoroethylene 14: 
fluorspor 3: 8, 1 
fluy 6: 17, 25, 10: 42, 14: 36 
food chain 6: 39 
fool’s gold 4: 18, 13: 13 
forged 4: 28 
formaldehyde 8: 28 
formalin 8: 28 
Fort Knox 5: 41 
fossil 3: 11 
fossil fuels 3: 13, 8: 1, 12, 13: 5, 16 
fossy jaw 11; 38 
fractional distillation 11: 8, 9, 12: 17 
fractionation 8: 24-27 
fractionation column 8: 25, 11: § 
fractionation tower 1: 14, 8: 26, 
fractions 8: 25, 26 
framework silicate 9 14, 15 
Frasch process 13: 16, 17 
Frasch, Herman 13: 16 
freezing point, water 2: 24 
freon 14: 38 
froth flotation process 6: 8, 10: 11 
fueus red 
fuel 
fuel element 15: 26, 4 
fuel rod 15: 5, 33, 34, 35 
fuming nitric acid 1 
fungicide 5: 22, 2 

14: 28 
fnmmace 4: 30, 7: 45 
fused silica 9: 38 
fusion 1: 6, 7,1 
fasion bomb 15: 38 
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galena 10: 6, 7, 30, 13: 12, 24 
gallium arsenide 6: 42 
galvanic cell 6: 13 

Galvani, Luigi 6: 11, 16 
galvanized iron 
galvanizing 6: 16-17, 12: 
gamma radiation 15: 8, 9, 1 
imma ra 
sgingue 5: 11, 6 
gamet 4: 40, 
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geiger counter (Geiger-Miiller tube) 





‘5: 12, 13, 21 
Geiger, Hans 15: 12 
gelatin 5: 32 





gelatinous precipitate 4: 15, 13: 36 

gemstone 7: 8, 9, 9: 12, 13, 12: 

geysers 3: 17, 13: 9 

gilding metals 5: 18 

glass 2: 30, 40, 3: 22, 4: 40, 9 15, 

30, 38, 40, 41, 10: 26, 27 

glass-ceramic 9: 30 

Glauber’s salt 13: 

glaze 4; 38, 10: 24, 

global warming 8: 12 

glucose 5: 34, 8: 10, 11, 18, 12: 15 

glycerol 1: 32, 2: 

glycerol trimtrate 8: 6, 11 27 

goiter 14: 40 

gold 5: 5, 28, 3643, 45, 6: 8, 97, 
39, 9: 16, 10: 7, 11, 112 37 

gold leaf 5: 40 

gold pling 

gold rush 5: 37, 38 

Goodyear, Chatles 8 35, 13: 38 









































grains 9: 21 

granite 2: 8, 41, 7:6, 10, 95 11. 20, 
22, 23, 15: 18, 23 

graphite 7: 19, 8: 8,9, 22, 14: 18, 
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green gold 5: 42 
Greenhouse Bficet 7: 41, 8 12, 42 
greenhouse gas 7: 40 

green vitriol 13: 32 
Guinea 7: 

guncotton 11: 27 
gunpowder 2: 41, 11: 26, 13: 
gypsum 3: 8, 30, 1 












13,32 

HA5, 4 

Haber-Bosch process 1: 16, 17, 
Ih: 16 


half-life 18: 16-17, 18 
hrilides 5: 33, 14: 8 
hulite 2: 8, 9, 14 
Hall, Charles Maran 7: 12 
Hall-Héroult process 7: 19 

halogens 2: 40, 8: 23, 14: 4, 5, 6, 22 
halothane 14:5 

hard water 3: 38, 40 

He 1:5, 44 

heart 2: 41 

heat conduction 5: 15 

heavy water 1: 44 

helm 12 5, 38, 39, 40,41, 44, 

1 5, W, 42 
hematite 4: 12, 13, 15, 12: 
hemoglobin 1 
Henckel, Johann 
herbicides 8: 42 
Heroult, Paul L. T. 7: 12 
hexagonal crystal 9: 10, 
hexandiowe acid 8: 36 
hexan-dioyl chlonde 8: 38 
Hy 6:5, 44 
high-level waste 1 
Hiroshima 15: 38 
Hoffman's voltameter 1: 10, 11. 

12:18 






























homblende 9: 24, 43 
hor springs 3: 17 
hydrated 13: 
hnydrated, lime 3: 24 
hydrocarbons 8: 6, 24-25. 
14: 
hydrochloric acid 13 1 














32,33, 34,35 
hydroelectric power 7: 13 
hydrofluone acid 14: 37 


hydrogen 42 4. 11, 14, 17, 16, 4, 
2: 6, 27, 42, 3:7, 34, 42 41, 
8: 6, 11: 16, 17, 37, 12: 8, 18, 
19, 38, 13: 26, 142 19, 
32, 15: 30, 38 

i bomb 15: 21 

n bonding 1: 8-9, 10, 11 

n chloride 1: 22, 14: 13, 32, 

33.4 

in fluoride 142 37 
n gas 6: 1 
hydrogen ions 1: 10, 20, 32, 34, 36, 














hydrogen sulfide 12 27, 2: 33, 4: 18, 
5: 29, 34, 6: 40, 13: 4, 10, 16, 
24-25, 25, 37, 44 

hydrogen-3 (tritium) 15: 17 
hydrometer 13: 31 

hydrophilic 2 
hydrophobic 2: 
hydrothermal deposits $: 36, 10: 6 
hydrothermal veins $: 30, 6: 6 
hydrothermal vents 13: 8 

hydrous 4: 13 

hydroxide tons 1: 10, 11, 20, 32, 34, 





















ice 

ice, prevention 2: 24 

id Spar 3: 8 

igneous rock 9: 11, 18, 20, 21. 23, 
25, 15: 

incandescent lights 

incendiary device 11: 

indicator 12 21, 35, 2: 6, 7,42 6, 
14: 15, 12: 18 

pduction period 12: 36, 37 












insoluble 
ansulator 9: 34 
intermediate level waste 15: 40. 





‘nal combustion engine 8: 
12:40 





11:43, 15: 12 
iontation 15: 
ionize 12:9 
tonized 1: 11 
tons 7: 18, 9: 
tedium 

























39, 112 17, 12: 
iron chlonde 4: 14, 
iron filings 4:7 
iron foundry 
iron hydroxide 4: 11, 14, 15, 12: 
iron ore 4: 13, 17, 22, 25,27 
iron oxide 7: 16, 9:13, 18, 
19, 11: 42, 12: 11, 23, 26, 33, 
at 
iron oxides 42 11, 12, 13, 14, 15, 16, 
22, 24, 27, 30, 40 
iron sulfate 4:7, 15, 13: 15, 32 
iron sulfide 4: 18, 19, 21, 13: 
iron IIL compounds 4: 14 
iron IIL hydroxide 1 33,4 11, 14 
iron IT compounds 
iron IT hydroxide 
irradiation 13: 42-43 
irrigation 2: 20, 21 
isoprene 8: 35 
isotope 1: 44, 11: 6, 1 
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jnde 9: 12, 24 
Jamaica 7: 11 
jasper 9: 13 

jet engines 9; 30 
jewelry 5: 28, 40, 8: 8 
junction diode 9: 34, 35 


K 
K 255,45 


kaolinite 7: 7, 9: 26, 28, 29 
arst 3: 11 

Kellner, Karl 2: 26 

kerosene 1; 14, 8: 26, 27, 12: 38 
Kidneys 2: 19, 41 

kiln 9: 28, 29 

KLEA 14: 39 

knocking 1 
Krts5,45 
Krugerrand 5: 41 

krypton 1: 38, 39, 42, 43, 45 
krypton-92 15: 28 
kyamite 9 21 

















32 





L 


Janypblack 8: 22 
Jaterite 42 17,73 11 
lates 8 34 
lather 32.38 
lagrice 5: 16 
lava 328,92 11 








Lawes, John 13: 43 
lead 


21,10: 4, 6-34, 40, 44, 
13: 30, 152 9, 10. 11 

sad-acid battery 6 13. 10: 28, 29, 

(31 

tead carbonate 10: 7, 24 

lead chamber process 10: 17 

lead chromate 42 39 

lead dioxide 10: 18, 28, 29, 12: 22, 




















lead IV oxide 10: 
leaded fuel 10: 32 
leaded glass 10: 23 
lead flashing 10: 23 
lead hydroxide 1 
lead in fuels 10: 32 
Jead iodide 10: 45 
Jead monoxide 1 


12: 


















10, 18,21. 








lead mitrate 4: 39, 10: 
14; 32, 33, 13: 24 
lead oxide 10: 18, 26, 27, 28, 29 
lead pipes 10: 22 
lead powsoning 10: 14, 31 
lead shot 10: 14, 1 
lead silicate 10: 24 
lead sulfate 10: 7, 16, 24. 28, 29, 
13: 
lead sulfide 10: 7, 10, 13, 30, 
13: 12, 
lead I oxide 1 
Leblanc, Nicolas 2: 28 
Leclanché cell 
Leclanché, Georges 6: 14 
legumes Hs 18 
Les Baus 7: 11 
leukemia 18: 23, 27 
Liberty Bell 
light 14: 7 
light-emitting diode (LED) 
lighthouse 6: 31 
lightning 11: 6, 7, 22 
lignin 8: 18 
ime 1: 92 
7316, Ws 14, 13: 34, 42 
line glass 9: 38, 39 
imeseale 3 
limestone 
10, 12, 19, 20, M4, 26, 31 
8: 10, 9: 38, 10: 7, 12: 26 
limestone rock 14: 35 
limewater 3: 7, 26 
limomite 42 15, 15 
liquefied petroleum gas (LPG) 8: 27 
liquid aur 12: 17 
Liguie crystal display (LED) 9: 37 
liguid nitrogen U1: 8, 9 
litharge 10: 8, 18 
litmus 1 21, 1 
Hacsaus p. 
lode 5: 30, 36, 10: 34, 35, 
lodestone 4: 12 
low-level waste 15: 41 
lubricating oil ts 14 


M 


Macintosh, Charles 8: 35 
magma 5: 30, 6: 6, 9: 16, 21, 23, 
25, 29, 43, 10: 6, 34 

magma chaniber 943 
magnesium 1: 18, 36, 3: 5, 4-37, 
38, 45, 4: 6, 22 
26,1: 37, 12: 
magnestum carbonate 3: 37, 43 
magnesium hydroxide 1: 32, 3: 42, 
43 
magnesium rons 32 34, 40 
‘magnesium oxide 3: 37 
magnesium nibbon 3: 34, 37 
magnesium siheate 9: 
‘magnesium sulfate 13: 32 
iniagmetic flea 4s 39 
magnetic properties 42 20, 44, 45 
magnetite 
malachite 
mallee 2: 17 
manganese 4:5, 34, 40-43, 45, 


Maniganexe carbonate 4: 42 
manganese chloride 14: 11 
manganese dioxide 6: 15 
manganese nodules 4: 41 
manganese ode 4:40, 41, 43 


manganese sulfite 4: 42 
manganese sulfide 4: 40 
mangrove 2: 16, 17 
manure 11: 20 
marble 3:4, 18 
Marram grass 2: 17 
massicot 10: 18, 12: 22 
matches 11: 38, 40, 41, 14: 
medicines 13: 42 
membrane 2: 15, 27 
memory” brass 5: 19 
Mendeleey, Dmitry Ivanovich 

1-15: 46 
meniscus 6: 30 
mercune chlonde 6: 32 
mercunc chromate 6: 29 
mercune nitrate 6: 28, 
mercune oxide 6: 32 
mercuric sulfide 62 38 
mercurochrome 6: 32, 
mercurous chloride 6: 
mercury 1:37, 

39, 44, 
mercury battery 6: 32 
mercury cathode cell 6: 33, 

1" 
mercury cell 6: 15, 33 
mercury posoning 6: 38 
mercury vapor lamps 6: 34 
metal 1: 12, 32, 36, 2: 6, 42, 3: 6. 

44.45, 4244, 45, 

34, 15: 44 
metal oxides tz 32 
metamorphic rock 9 20, 28, 24 
meteorites 4: 12 
meth 24, 28 
methanol 1: 4 
methyl benzene 13: 10, 14 
methylene chloride 14: 31 
methyl group 9 32 
methylmercury 6: 39 
methyl orange 1: 21, 35 
Mg 3:5, 45 
mica 7: 7, 9 26 
mcrochp 9: 37 
microcrystalline 9: 14 
micronutnent 5: 22 
microwrganisms 1 
microprocessors 9: 36 
mild steel 4: 32, 33, 34 
Milk of Magnesia 3: 42 
mineral 2: 9, 3: 8, 15, 8:8, 9: 9, 

U1, 12, 20, 21, 43, 12: 10, 

13: 12-13 
mineral acid 1: 18, 19, 24, 

' di 
muning 2: 12, 5: 10, 30, 36, 38, 

7: W-11, 10: 6,7, 12, 34, 36 
murrors 5: 4,5 
mixture 4: 20 
Mn 4:3, 45 
molect 

13:6 
molybdenum 4: 34, 13: 12 
monoclinic crystal 13: 10, 11, 13 
monomer 13: 38 
monowtde gas 10: 
mordant 7: 36 
mortar 3 
MOSFETs (metal oxide 

semiconductor field effect 

transistors) 9: 36. 
rnullite 9: 29 


19, 27,92 11, 12:9, 


murex 14: 42 
muriatic acid 14: 34 
muscles 2: 41 


Ni: 4, 44 
Na 24,44 
aki 15: 38, 

nail-polish 8: 29, 31 
nail-polish remover 8: 29, 31 
naphtha 1: 14 
napping 9 14 
native copper 5:7 
native gold 5: 36 
native metal 4: 12, 13 
native silver 5: 10 
natural gas 8: 10, 13, 24 
negative terminal 6: 14 

613,45 

on 1: 38, 40, 45 
“neon” hghts 

on tubes 1: 40 


neutralize 3: 21, 25 
neutron 1-15: 44, 15: 7, 8, 28 


nicke 
nickel sulfide 13: 12, 25 
Nightingale, Florence 14: 16 
mobium- 101 15: 29 
nitrate fertilizer 1 
nitrates 112 20 
ic acud Bs 18, 22-26, 27, 37. 
5S: 14, 2 ‘7: 33, 11: 5, 
13, 30, 33, 36-37 
nitric acid, furming 5: 14 
nite oxide 1: 10: 17, 11: 7, 34, 
35, 37, 12: 42, 43 
nitrifying bacteria 113 23 
mitrocellulose 1 


nitroge 

nitroge ade 1: 26, 37, 6: 28, 
17, 21, Az 5, 7, 30 

37, 12: 13, 41, 42, 43 
bacteria 11: 18 


nitroglycerin 8: 6, 1 
nitrous oxide 11: 34 


nonmetal 8: 44 
nonstick 143 


nuclear accidents 15: 34-37 

nuclear energy (nuclear power) 1 
1 

nuclear fusion 1: 6 

nuclear power station 15: 32 

nuclear reactions 15: 4, 7 

nuclear reactors 15: 34-35 

nuclear waste 15: 40 

nuclear weapons 15: 38 

nucleons 9: 4 


nutrients 2: 16, 18, 20 
nylon 8: 31, 36, 37, 38, 39 


oO 


O12: 4, 44 

obsidian 9: 15 

ocher 4: 15 

octane I: 14 

octane numbers 10: 32 

Oersted, Hans Christian 7: 12 

oil 8: 10, 13 

oils 1: 30 

oul spall B: 42 

ouil-storage tanks 3: 37 

olivine 9: 21, 27 

1,6-diaminohexane 8: 36, 38 

olitic limestone 3: 10 

opal 9 14 

coral rehydration 2: 18 

oonbytal shells 1-15: 44 

0, 4: 13, 17, 18, 24,2 

$28, 6:6, 8, 7210, 11, 13, 10: 
6,8, 10, 34, 38, 36, 132 12, 15 

ore-flotation 3: 11 

organic acid 1: 18, 19, 30, 31, 2:30, 


ongamie chemicals 8: 5, 20, 42, 43 

organic compounds 8: 28 

organic solvents 14: 7 

onganochlonide 14 

oscillator 9: 37 

osmosis 2: 1-15, 16, 17, 19, 28 

oxalic acid 1: 30 

oxidation 3: 35, 4: 11, 13, 23, 27, 
3, 6: 14, 8: 10, 11, 18, 9: 29, 
12: 6, 14, 24, 25, 26, 34, 36, 
14211, 14,15, 10 

oxide 4: 8,9, 17, 757, 8, 14, 24, 26, 
43,44, 35, 10: 8, 12: 10, 22, 
0 

oxidization 10: 11 

oxidize 4: 8, 16, 27, 30, 31, 40, 
13: 20 

onidizing agent 4: 42, 43, 6: 28, 
14: 30, 12: 20, 37 

oxyacetylene 12: 16, 39 

oxygen 1:8, 10, 11, 2: 43, 429, 11, 
12, 14, 16, 22, 23, 30, 40, 41, 
756, 38, 39, 8: 10, 11, 18, 28, 
9: 9, 10, 26, 33, 38, 11: 7, 9, 
33, 35, 0 5, 15, 17, 44, 
13: 14, 4s 5 

oxygen eyele 12: 14 

oxygen, test for the presence 12: 44 

ozone 11; 35, 12: 6, 12, 13, 42, 43, 
44, 142 38, 39 

ozone layer 14: 38 


P 
Pats4.44 
p-type region 9: 34 
painkillers 14: 5 
paint 6: 19, 10: 24, 25, 12: 21, 32 
paint stripper 14: 31 
palladium 5: 28, 12:-41 
panning 5: 39 
paraquat 14: 29 
Parkes, Alexander 8: 31 
Parkes process 10: 10, 11 
patina f: 29, 5: 4, 6, 27 
Pb 10:4, 44 
PBB sec polybrominated biphenyls 





PCBs see polychlorinated biphenyls 
pearl 3: 4 
pentaerythrite tetranitrate 11: 27 
perchloric acid 12: 39 
percolate 3: 14, 15 
Periodic Table 1: 36, 38, 40, 46-47, 
1-15: 46-47 
permanent hardness 3: 38. 
pesticide 2: 30, 6: 24, 25, 
13: 42, 14: 28, 29 
Pete Bog 15: 18 
PETN 11: 27 
petrochemical plant 8: 
petrochemicals 
petroleum 8: 7, 24, 14: 22 
Pewter 10: 40 
pH 4: 20, 21, 28 
phenolphthalein 1: 21, 2: 6, 7, 
An: 15 
phosgene 14: 26 
phosphates 11: 42 
phosphine gas 11: 
phosphor 6: 35, 42, 43 
phosphor bronze 5: 20 











944 

















phosphoric acid 10: 24, 11: 42, 
12:32 

phosphorus 3: 40, 5: 20, 9: 34, 
10:41, 11:5, 4 


phosphorus oxide 11: 39 
phosphorus, red 1 
photochemical smog 12: 42 
photoelectric cell 6: 5, 42, 43 
photoclectric properties 10: 20 
photographer's hypo 5: 

















14243 
photographic films 8: 41 
photography 5: 32, 14; 42, 43 


photon 6:43 
photosynthesis 8: 10, 11, 12: 6, 14 
photovoltaic cell 6: 42 
pickling 2: 25 
piezoelectric effect 9: 37 
pig iron 4: 24, 27, 28, 30 
pigment 4: 38, 6: 24, 40 
pitchblende 15: 22, 24 
placer deposit 5: 39, 1 
plaster 3: 5, 31 
Plaster of Paris 3: 31, 13: 12, 32 
plastic 8: 30-31, 43 
plastic, properties 8: 30 
plasties 14: 22, 23 
plastic sulfur 13: 7 
platinum 5: 28, 10: 
1 1, 14: 20 
playa lakes 14: 8, 9 
playas 2: 10 
plumbing 10: 
plutonium 15: 26, 34, 
poison 6: 32, 1 
poison gas 14: 26 
pollucants 7: 42, 14: 16 
pollure 11: 20 
pollution 2: 20-21, 33, 3: 13, 
10: 12, 12: 40, 42, 13: 18, 19. 
22, 23, 15: 20 
polonium 15: 2 
polonium-210 13: 17 
polybrominated biphenyls 14: 29 
polychlorinated biphenyls 14: 28 
polychloroethylene 8: 33, 14: 10, 
22,23 
polyester 8: 31, 36, 37, 40, 41 
polyethylene 8: 31, 32, 14:23 
polyfluoroethylene 14: 22, 23 


















1:37, 
























polymer 2: 26, 9: 33, 13: 38, 39, 
14: 23, 36 

polymerization 8: 32-39, 13: 39 
14: 4,32 

polymers 8: 30-41 

polystyrene 8: 31, 33 

polytetrafluoroethylene 8: 31, 33, 
14: 36, 37 

polyvinyl benzene 8: 33 

polyvinyl chloride 8: 
polychloroethylene 

polyvinyl fluoride see 
polyfluoroethvlene 

porous 3: 10, 4:9 

porous bronze 5: 20 

Portland cement 3: 

positive terminal 6: 14 

potash 2: 40 

potash salts 2: 41 

potassium 2: 5, 40-43, 45, 4: 6, 

911, 26 

potassium carbonate 2: 40 

potassium chlorate 11: 41, 14: 24, 
25 

potassium chloride 6: 13, 14: 11 

potassium chromate 4: 38, 39, 6: 29 

potassium dichromate 42 38 

potassium-40 15: 11 

potassium hydroxide 2: 42, 4: 43, 

215 

porassium todide 14: 41 

potassium manganate 4: 42, 43, 
14:15, 

potassium metal 2: 42 

potassium nitrate 1: 27, 2: 40, 41, 
42, 43, 4: 42, 43, 11: 4, 21, 
26, 36, 12: 44, 1 

potassium mitrite 2: 43 

potassium permanganate 4: 42, 43, 
12: 21, 36. 37, 14: 10 

potassium phosphate 2: 40 

potassium sulfate 2: 40 

pottery 9: 28 

power stations 13: 22 

precious metal 5: 28, 10: 16 

precipitate 3: 7, 16, 26, 38, 4: 39, 
41, 13: 23, 36, 37 

precipitation 3: 14, 14: 

preservatives 13: 42 

preserving 2: 

primary dry battery 6: 15 

printed circuits 5: 17 

procaine hydrochloride 14: 

protein chain 8: 36 

proteins 8: 10, 18, 36, 11: 4 

protons 1-15: 44, 3: 47, 9: 44, 
15:7, 

prussian blue 4: 15 

Pu 15:5, 44 

PTFE 8: 33 

PVC 8: 33 see also 
polychloroethylene 

PVF ee polyfluoroethylene 

pynte 4: 18, 19, 21, 10: 17, 13: 12. 
13, 15, 16, 24 

pyrolusite 4: 41 

pyroxenes 9: 24 


Q 


quartz 4: 18, 9: 1 

15, 18, 26, 
quartzite 9: 16 
quicklime 3: 20, 
quicksilver 6: 26 














see also 
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V1, 12,13, 14, 
38, 12:10 








" 





radiation 1: 7, 10: 26, 31, 15: 8, 
42.43 
tadiation sickness 15: 42 
radiation therapy 1 
radioactive decay 15: 16 
radioactive decay, graph 13: 16 
radioactive elements 15: 4, 6, 26-27 
radioactive isotopes 1: 42 
radioactive tracers 15: 20-21 
radioacuivity 1 =) 
radioisotopes 15: 17 
radium 1 43, 15: 5, 15, 17. 
36 
radon 1: 38, 39, 42, 43, 45, 
15: 14,23 
Ramsay, Sir William 1: 38 
rate of chemical reaction 
Ravenscroft 10: 22 


























rayon 8: 

RDX1 

reaction 3: 6 

reactivity 2: 7, 42, 4: 7, 5: 15, 29, 
6, 14, 24-25, 








reactivity series 
6, 40,41, 29, 41, 
6: 11, 16, 7: 24, 10: 16, 39, 
12: 28 
recycling 7: 40 

red gold 5: 42 

red lead 10: 18, 24, 12: 22 
red mud 7: 17, 42 

red mud pollution 7: 42 

red phosphorus 11: 38, 40-41 
redox reaction 12: 24, 25 
reduced 4: 
reducing 14 



























8: 16, 17, 13: 4 
reduction 4: 11, 23, 5: 8, 9, 7: 

12: 24, 25, 26, 13: 20 
refining 5: 12, 31, 39, 6: 9, 37, 

7s 12, WS-19, 12: 28, 29 


petals Iz 4 
reflection 7: 4) 
refrigerants 14: 38, 39 
tr ation 11: 12 









Reims cathedral 3: 13 
reinforced concrete 








rem (roentgen equivalent in 
15:43 

reprocessed uranium billet 15: 45 

reprocessing, uranium 15: 25 

resin 3: 41, 12: 20 

resistors 9: 

respiration 8: 10, 12: 14 

reverse osmosis 2: 14 

Rhizobium 112 18 

shodium 3: 42 

thombic crystal 13: 5, 10, 11 

thombohedral-shaped crystal 3:9 

Fings 9: 22 

nveting 4! 

Rok 

rocks 

rock salt 2: 8.10, 12. 14: 8,9, 19 

Romans 10: 30 

rubber 8: 44, 33, 13:3 

ruby 4:36, 7:8, 9, 9 13, 22, 12: 11 





man) 























39, 12: 30, 32 
rust-inhibitor 11: 42 
Rutherford, Ernest 15: 9 


Ss 
S13: 4,44 
sacrificial anode 6: 18, 7: 25 
salicylic acid 1: 30 
saline 2: 11, 20, 14:9 
saline dnp 2: 18 
saline solution 2:9, 18, 19 
salinization 2: 20, 21 
salt 1: 22,3 4, 2: 6, 7, HIT. 
18, 21, 24, 26, 28, 40, 132 9, 
4: 
salt bridge 
saltbush 2: 17 
salt deposits 2: 8 
salt dome 2: 12, 14: 19, 13: 8 
salt pans 2: 12, 13, 40 
saltpeter 11: 4, 21, 13:41 
salt pollution 2: 
salts 2: 40, 41, 42 
sand 9: 38, 40 
sand dunes 9: 19 
sandstones 9: 18 
saponification 2: 34, 36, 37 
sapphire 7: 
saturated 3: 
seale 3: 10, 3 
schist 9: 20 



































scum 3: 40 
sea-salt 2: 15 
seawater 2 
40,42 
seaweed 14: 4,9, 40 
secondary battery 6: 13, 13: 
sediment 9: 18, 21 
sedimentary rocks 9: 18 
sediments 2: 10 
selenide 9: 41 
selenium 6: 42 
semiconductor 6; 43, 9: 34, 35 
semipermeable membrane 1: 15, 
2: 14, 15, 16, 25, 415 
serpentine 9: 27 
sewage systems 14: 16 





3, 44,45, 4: 4,9, 














236 
7, 29) 
shells, orbital 1-15: 4 
S194, 44 


silica 42 26, 9:9, 10, 14, 10, 2 

3Y, 42, 43, 10: 26, 1 

10 

silicate 4340, 92 8,9, 11, 12, 18, 
20,26 





silicate groups 9:9 

silicates 12: 10 

silicon 4: 29, 30, 34, 6: 4: 
9: 4,44, 10: 41, 12: 

silicon bronze 3: 21 

silicon carbide 

silicon chip 9: 4, 34 

32,33 
1 








9: 30 





2, 9: 34 





silicon waf 








silver 3: 3, 28-35, 44, 6:8, 37, 
7:31, 10: 7, 11, 13:33 
silver bromide 33, 14; 





42.43 





silver chloride 5: 32, 33, 142 
silver chlonde battery 6: 15 








silver iodide 5: 32, 33, 14: 40, 43 

silver oxide battery 6: 15 

silver rush 5: 30 

silver salts 5: 32 

silver sulfide $: 29, 13: 

sink holes 3: 12 

sinter 3: 

sintering 9: 2 

shg 4: 24, 26, 27, 
12: 26 

slaked lime 3: 24, 28, 1h: 14 

sluice box 5: 38, 10: 36 

smelling salty 11 

smelter 7: 13, 18 

smelting 4: 24-27, 5: 11, 6: 8 

smuthsomite 

smog 11; 34, 12: 41, 4. 

smoke detectors 15: 15 

smoky quartz 9:12, 13 

Sh 10: 5,45 


soap 


3, 40, 10: 10, 


soda 
sod. 


soda lakes 2: 41 
Sodaclime glass 9: 38 
6, 2 4, G39, AH, Te, 

VE, 24, 38 

sodium shuminate 

sodiuny aide 1 

sodium bicarbonite 2: 28, 29, 
SO-3L, Bt 14 

sodium carbonate 
45, 7: 38, 8: 

sodium chlorate 1 

sodiuin chloride 4: 


sodium, 


28-29, W-3h 


i, 
9,19, 25 
sodium hydroxide I: 30, 32, 34, 35, 
30, 32-35, 36, 4 
227, 6: 35, 4, 7s 4, 
15, 16, 13: 14s 14.19, 
20, 21 
m ton te 34, 2 
14:8, 20 
soln metal 2: 6,7 
sodinum pellet 2: 6 
sodium peroxydisulfate 1 
sodium, radioactive 13: 20 
sodliuim stearate 2: 36 
sodium solfate 13: 32, 33 
sodium sulfide 25 33 
sodium sulfite 13: 20) 
sodium thiosulfate 8: 33, 13: 33, 
Ads 43 
sodiuny taphosphate 11: 43 
sodium vapor lamps 2: 4 
soil 3: 12 
soil conditioner 3: 
solar cell 6: 42, 9: 35, 
solder 1 
soldered 7: 20 
solder glasses 10: 
Sohiman's Water 6: 
soluble 1; 


22, 3: 40, 


solution 2: 2, 


Solvay, Ernest 2: 23 
Solvay process 2: 
solvent 


SO, 13: 22 
space suits 
spectrum 1: 38 
sphalente 4: 18, 6: 6, 13: 12 
spontaneous combustion 11: 39, 
12: 36, 37 
stable 9: 10 
stunless steel 4: 3 
stalietite 3: 14 
stalagmite 3: 14, 39, 4 
starches 8 43 
stars 1: 6-7, 15: 31 
stationary phase 7: 35 
4 


steel furna 
steelmaking 12: 26 


stomach 1: 28 

Stone Age 9: 14 

stratosphere 12: 12 

striations 4: 18, 9: 25 

strong acid 13 18, 19, 20, 132 18, 19, 


strong, 
strontium chlorate 14: 24 


styrene 
styrofoam 8 33 
sublimation 8: 14, 15 
nerose B24, 8: 19 
ar Az 24, 8: 10, 19 
MW 
sulfites 13: 12, 32-33, 43 
vulficle 10: 8 
sulticdes $2 6, 1328, 12, 16 
13: 18, 32-33, 42 
sulfir 42 19, 20, 21, 30, 40, 8: 34, 
35, 10: 10, 12, 11: 26, 13: 4. 
644 
sulfur bridge 1 
sulfur di 10, 6: 8, 9. 
40: 10, 12.17, 12: 13, 
13: 5,9, 14, 16, 18-23, 28 
sulfur, flowers 13: 7 
id 1: 18, 24-25, 27, 37, 2: 
33, 4: 18, 19, 42, 6: 28, 7: 36, 
8: 19, 10: 10, 16, 17, 28, 29, 
11: 36, 42, 43, 13: 16, 18, 26 
31, 34, 43 
sulfirne acid, ilu 
sulfurous acid 13 
sulfiar oxides 7 400, 43 
sulfur trioxide 13: 19, 28, 29 
Sun 1:6, 15:30 
supernova 15: 31 
superphosphates 1: 24, 11:42, 43 
superphosphate fertilizers 13: 2 
suspension 4: 3+ 
swarf 4:7 
swim 


pool 14: 16, 17 

pool disinfectant 14: 43, 
switch 6: 4) 

synthene fiber 8: 3841 

synthetic iwory 8: 31 


T 


table salt 14: 

tale 9: 26 

tarmsh 5: 

tamishing 13: 25 

tartare acid 1: 18, 30, 8: 14 


tear gas 1 
technetium 1: 
teeth 3: 
Teflon 8: 31, 33, 14: 36 
telluride 10: 20 
temperature, effect of salt 2: 24 
tempering 4:33 
temporary hardness 
terephthalic acid 
tetraethyl Te 
tetrafluoroethylene 3, 14: 36, 37 
tetrahedron 8: 8, 10, 12: 10, 
tetraphosphorus trisulfide 11: 41 
thermometer 6: 31 
thermoplastic 8: 33, 14: 22 
thoron 15: 14 
Three Mile Island 15: 36 
Ps-eye 9: 13 


9:16, 40, 1 

12: 52, 33 
tin can 7: 33 
tincture of todi 
tin dioxide 10: 35 
tun oxide 10: 34, 35, 36 
tin plang 10: 38, 39, 12: 33 

30, 31, 14: 20 


25, 443, 45, 


14: 4 


anim 
tration 1: 34, 35, 
TNT 8: 6, 1: 13,27 


paz 12: 10 
cel, Evangelista 6: 30 


transistor 9: 36, 37 
translucent 9: 11 
transmutation 1 
avertine 3: 8. 14, 16 

tnchloroethylene 14: 30 

ne 8: 6, 11: 27 
tnpod 4:45 
totum Be 44, 15: 
tungsten 4: M 
tungsten steel 4: 35 
turbines 7: 
turpentine 142 30 


U 
U5: 4.44 


ulteaviolet light 6: 35, 8: 30, 33, 


psaturated hydrocarbons 
PVE 8:33 
15: 24-25, 34, 
fission 1 
uranium hexafluonde 14: 36 
oxide 15: 34 
35 15: 28, 29 


uraniu 

wenn 
anum-238 1 

urea 11: 1 


vanadium 4: 34, 12: 22 

vanadium pentoxide 13; 

vapor 

veins 42 18, 

Venus 1 

vermeulite 9: 26 

Vintegar 1: 31 

vinyl 8: 33, 1 

vinyl chlonde 8: 33; see also 
chloroethylene 


6, 30, 36, 9 16 


vinyl fuonde see fluoroethylene 
Viscous 9: 43 

vitreous 2: 9 

Volta, Alessandro 6: 12 

voltage 9: 34 

von Licbig, Justus 5: 34 
vulcanization 8; 34, 35, 13: 38-39 


washing 3: 40 

waste glass 9: 40 

water 129, 10-11, 8, 2: 6-7, 10, 
14, 15, 18, 22, 25, 30, 31, 34, 
35, 42, 3: 38, 40, 4: 10, 11, 
18, 8: 36, 9: 14, 26, 28, 29, 
12: 4, 8,9, 14, 15, 18, 19, 38 

water of crystallizanon 133 35, 

water supplies 14: 16 

water-softener 3: 40 

waterproof 9: 33 

weak 1:29, 31 

weak acid 1: 19, 

weak alkali 1: 20 

weather 1: 29 

weathering 3: 12, 19, 9 18, 19, 20, 
21 

weedkillers 14: 24, 29 

welding 12: 39 

wet batteries 13: 30 

white gold 5: 42 

white lead 10: 24, 30 

white phosphorus Hs 38-39 

whitewash 3: 23 

World War 1 8: 31, 19: 40, 14: 26 

World War II 15: 38 

wrought bronze 3: 20 

wrought iron 42 28, 29) 


x 
Xe 1:5, 45 


xenon ts 38, 39, 42, 43, 15: 20 
xenon-140 152 29 
Xerays 10: 26, 31, 15: 8, 14, 15, 36 


Z 


10, 41, 3: 18, 624, 
425, 10: 7, dy 
32, 33, 13: 8, 26, 142 32 
je-cadmaium battery 6: 13 
zine carbonate 6 6,7 
zine cell 6: 12, 15 
zinc chlonde 6: 17, 25 
zinc hydroxide 
zane oxide 6: 
zine sulfate 6: 9, 12, 25 
zine sulfide 
aaron 9: 20, 21 
zircontum 9 12, 21 


Zn 6: 4, 44 


13: 18, 19, 


9,25, 135.12. 
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Elements is designed to provide an accessible 
approach to chemistry. Each volume carefully 
and concisely presents the characteristics, 
behavior, occurrence, isolation, and uses of the 
most important elements and their compounds. 
Laboratory demonstrations are illustrated with 
step-by-step photographs that are linked to 
real-world applications. A wealth of 
definitions, facts, and supporting information 
ensures that readers will never be lost in this 
challenging but essential subject. 








Elements 
He Duetxesecon mbit Mei tom Loe) (om @RITad 
Sodium and Potassium 
Calcium and Magnesium 
Iron, Chromium and Manganese 
Copper, Silver and Gold 
Zinc, Cadmium and Mercury 
Aluminum 
Carbon 
Silicon 
Lead and Tin 
. Nitrogen and Phosphorus 
. Oxygen 
. Sulfur 
. Chlorine, Fluorine, Bromine, and Iodine 
REINFORCED “15. Uranium and other radioactive elements 
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